

If ymi are blessed with a fairly aood imagination around the sun in only eighty-eight days. Just out’ 


It by the canals that some astronomers say they see for us, the spectacle of all those moom and 

upon its surface, and by the pair of moons that circle am be seen only through a telescope. Sext h 

round it. Along the orbit just outside that of Mars Saturn is rran'us with its four moon^. Then 

tneie tnarches a bevy of little UH>rUilets that uv call S ptune, with one moon — and now we are c 


you will not need to take a trip in this rocket in order side the path of Mercury lies the path of \ enus, 

to form a notion of how our solar system looks. whose year is a little over seven months long. ISince 

You will only need to study the diagram above, and this planet never spins <m its axis, half of it is i^y 

to remember that all its distances are to be multiplied hot and the other half very cold. Then CAimes our 

many, many billions of times. Then you will be oum old earth, whose orbit lies outside that of Venus: 

able to seo how all these gigantic sky marbles whirl you will have no trouble recognizing its face. And 

in their endless journey round the sun, which is at you am easily guess what the little crescent is that 

the center of the picture. The little planet nearest nestles beside it. Along the path just outside the 

the sun of course is Mercury; it makes its trip earth's, the planet Mars truveis. You may recognize 
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Because so many of the active volcanoes of to-day lie 
on the borders of the continents and within the great 
oceans, people once thought that sea water, turning to 
steam in the earth’s hot depths, was what started vol- 
canic action. But while there are many volcanoes on 
the coasts and islands of the Pacific, there are not so 
many about the Atlantic. What is more, some vol- 
canoes are found well inland In America, Asia, and 


Africa- far from the sea. They must have started 
when the molten rock inside the earth was pushed 
upward through some weak spot in the earth’s crust 
until it forced a way to the sumce and shot its steam 
and ashes into the air. It would build up a cone, 
shown, in the picture above, by the blue deposit. The 
opening through which the lava rose is called the chim- 
ney— but the red-hot mass worked into every crack. 




From s painting by Cheeiey Boneatail for the book THE CONQIIKHT OF HI'ACE. by f lMMlrv ii..„. „t. II and NN .Mv I . > . puldiahed by I ho Viking 
Preee. © C.B. 1947 

It is probably safe to say that no space traveler will drogen flames and “lava” erupt from the top of a cliff of 

ever set foot on Jupiter. The artist has here shown lava and ice. In the depths below is a lake of liquid 

what scientists believe its fearful scenery must be. Hy- ammonia. The temperature is over 200° below zero F. 
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If we could stand some evening on Titan, a giant moon 
of Saturn, the beautiful ringed planet would doubtless 
look much as it does above. Since Titan has an atmos- 
phere the sky would be blue, not black, and we should 


see snow and ice. The rings of Saturn, which we see 
here from their edge, are very thin through, but since 
they are wide they cast a broad shadow on the side of 
the planet that is toward the sun. 
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11 ^ ^ Saturn is rich in moons. If we could stand on a little are broad enough and dense enough to cast the wide 

, 1 one named Mimas, which is only 115,000 miles from the shadow you see around the center of the planet. The 

I great planet, Saturn would doubtless look much as it is little dark spot below that broad belt is a shadow cast 

^ shown above. We are seeing the rings from their edge, by one of Saturn’s little moons. It happens to have 

Jl;- • but though they are thin through and are made of noth- swung between the planet and the sun. Since Mimas 

: ing but cosmic dust and somewhat larger particles, they has no atmosphere the sky is inky black. 
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PREFACE 


|N OFFERING to the public a topical encyclopedia the editors of the present volumes have 

1 tried to meet the needs of the library, the home, and the school. Of course we want the 
books to be good reading. We have done our best to make them such that anyone who 
opens them may find them hard to close again. Our highest hope is that they may be 
read just for the sake of reading-just for the voyage of discovery through which they 
will carry any reader around the world. 

But wc have a second aim, also important. We want to present our material in such a way 
as to make it of the highest educational value. Wc want the reader, at a moment’s 
notice, to be able to put his finger upon any fact or set of facts for which he may be 
searching in our voidincs, but more important still, wc want him to find those facts so 
deftly correlated that he may build them into a spacious edifice rather than leave them 
like scattered building blocks upon the ground. 

Now we could have made our articles all alphabetical, and thus have left the reader, in 
Dr. Johnson’s words, to “beat the track of the alphabet with sluggish resolution." 
But following the alphabet would have forced us to split up every one of our long stories 
inrf' a ^rcat many short ones, which would then have been scattered hither and yon 
through our volumes. Instead of one continuous story of Astronomy, for example, 
wc should have had thirty or forty stories, in various parts of our work, on Asteroids, 
Comets, Constellations, Nebulae, Planets, Satellites, Telescopes, and so on through a 
long list. That is not the way of modern education. If knowledge is to grow into 
understanding, one fact must illuminate another, and the place of each be clear in rela- 
tion to tlx whole. To that end we have forsaken custom and have presented our ma- 

■ tcrial by topics, that it might be of greater interest to the average reader and of wider 
service in the modern school. 

For purposes of ready reference wc have an ample and explicit index to the work as a whole, 
at the opening of each volume a f^ablc of conujus listing the articles the volume con- 
tains, and in the "unit page" before each ariLl: a short index to the material in the 
unit. A list of the subjects treated in each volume is plainly stamped on the backbone. 
Moreover, we have tried to arrange our material in such a way as to make it handy for 
the reference worker. For instance, wc have included, at the close of each article on 
a country or group of countries, a complete geographic description of the subject of 
the article. This device makes it easy for a reader consulting an article on a country 
to find out the main facts ctincerning the country’s size, location, climate, physical 
features, racial elements, political divisions, and government. For the various states 
in the United States the material is even more detailed. 

Because experience has proved that the conventional study outlines for works of this kind 
arc too rigid to be of much use, v ' have replaced them with outlines, each clastic enough 
to be useful for readers of widely differing capacities. And because wc feel that such out- 
lines lose much of their usefulness when gathered into inconvenient seclusion at the end 
of the set, wc have organized our outlines in the form of "unit pages" inserted through 
the body of the text. The reader will find that each article, or group of related articles, 
is preceded by a unit page, which will serve as a comprehensive plan of study for the 
r^rticle that follows it. This page lists all cross reference material. 
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It is the misfortune of most works of this sort that they grow quickly out of date. To meai^ 
this difficulty we are issuing The Story of Our Timoy an annual publication that will in- 
clude not only those statistics which are subject to change, but also a digest of world 
events and of the latest developments in every field of human activity — in literature, 
art, archaeology, science, invention, exploration, sport, finance, and all ^hc -other 
forms of endeavor that man's tireless energies devise. This report upon the year wiTTKe 
readable and authoritative, and will make a convenient reference book for any school 
or home. But more than that, the year book has made it possible to put into the en- 
cyclopedia only basic material which does not change. Our articles are not planned so 
that a paragraph may be lifted out and a new one inserted from time to time. They 
are a thorough and well-rounded presentation of material of permanent value. They 
will not soon be out of date. 
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FOREWORD TOTHEUNITPAGES 

B efore each article, or group of related articles, in these volumes the reader will find a 
“unit page,” an outline of study for the article, or “unit,” which follows. It has been 
put there in order that what we have to say in the unit may be of the highest usefulness 
both to the casual reader and to the student. Because modern educational methods 
demand a more complete integration of the student's knowledge than did the methods 
formerly in use, we have adopted a new plan for presenting the matter in our books. 
We have avoided an alphabetical arrangement, which takes no account of logical re- 
lationships, and instead have organized our material by topics, taking pains to correlate 
the various parts of a subject and to build them up into a coherent whole. To do this 
we have divided the larger topics into a series of units of study, each unit, or chapter, 
complete in itself but also looking forward to the article which follows on the next 
page. The units bear a logical relationship to one another and build up a structure 
which, is too impressive to be easily forgotten. 

It is those logical relationships which our unit pages help to reveal. Each unit page opens 
a list of references to the more important points covered in the unit. This list- 
headed “Interesting Facts Explained” — is in the nature of an index to the material the 
unit contains, and should he of use both in underlining important ideas and in furnish- 
ing the reference worker with a handy index to which he may turn as he scans the unit 
for material. This will often make a return to the general index unnecessary. In other 
words, besides the index to the set as a whole and the table of contents in the front of 
each volume, we have furnished still a third avenue of quick access to our material. 
It should be of assistance to readers of all types. 

Under “Things to Think About” is a list of questions intended to start a train of reflection 
in the reader’s mind. Certain of the questions deal with important points in the unit, 
and are intended to lead the reader to examine those points carefully and to hunt out 
the reasons for their significance. Other qu<-»rions carry him beyond the confines of 
the material before him and lead him to speculate upon its relationship to wider matters. 
Such questions furnish fruitful subjects for class discussion and for good talk around the 
dinner table at home. While few of them are so hard as to discourage the average 
student, all arc puzzling enough to challenge the gifted mind and to give the superior 
student an interesting tussle. They should be unfailingly useful and stimulating to the 
teacher. 

Under the caption “Related Material” arc gathered references to other pertinent topics 
in the set. Not only docs this list save the teacher and student a good deal of time 
thumbing the index in search of correlated readings; it also opens unforeseen and 
interesting vistas which no in^*x would reveal. If our volumes arc to be used for sup- 
plementary reading in the classroom, this section of the unit page should save the teacher 
and student a good many" hours of time. If the books arc to be used to enrich the back- 
ground in a cultivated home, it should help the reader to feel at ease in all the various 
fields of knowledge. 

Other sections of the unit page especially adapt our books for use in progressive schools. 
*Thc “Picture Hunt” is useful in visual education. “Practical Applications” relates the 
Information in the unit to the world in which the reader lives. The ethical implications 
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suggested in “Habits and Attitudes** fit the unit into our scheme for character building/ 
“Leisure-time Activities” suggests interesting projects to be carried out by a group in 
the classroom or by the individual reader at home. The “Summary Statement’ ’ gathers 
the ideas in the unit into a nutshell. 

In the preparation of the unit pages the editors have had the help of Morris Mci^ter,'^.S., • 

A. M., Ph.D.; Barbara McConnell, A.B.; Alexander Joseph, B.S.S., M.S.; Louis Eisman, 

B. S.; Leonard S. Bennett, A.B., LL.B., M.S.; Anastasia Hayes, graduate of the New 
York School of Fine and Applied Arts; Florence Mcister, B.S., M.S.; Sidney Thomas, 
A.B., A.M., Ph.D.; Marion Osborn, A.B., A.M., Ph.D., and Margaret Pickel, A.B., 
A.M., Ph.D. 

It is our belief that a consistent use of the unit pages will lighten the work of the teacher 
and enrich the background of the classroom and the home. But more than that, we 
believe that it will train the student in habits of study that may be useful to him through 
life. At least it should give him a clear appreciation of the fact that the gaining of 
knowledge is an intellectual adventure, never to be confused with tJic mere memorizing 
of facts. 
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KEY TO PRONUNCIATION 


a, as in mate 
a, as in senate 
tif as in liair 
a, as in hat 
li, as in father 

а, a sound between a and a, as in 
castle 

eh, as in chest 
as in eve 
e, as in relate 
as in bend 
e, as in reader 
g, as in go 
I, as in bite 
1 , as in Tnn 
k, as in key 

K, the guttural sounfl cf c!i, as in 
the German ac/j, or the Scotch /oc/i 

n, as ill not 

N, the F rcnch nasal sound, as in don 
ng, the English nasal sound, as in 
strong 

o, as ill bdne 

u, as in Christopher 

б, as in 16rd 
5, os in hbt 


oi, as in toil 
uo, as in soon 
as in b^k 
ou, as in shout 
s, as in so 
sh, as in ship 
th, as in thumb 
tit, as in thus 
u as in cQre 
u, .‘S in accurate 
ii, ♦s in fur 
iS, as in us 

ii, a sound formed by pronouncing 6 
with the lips in the position for 
00 , as in the German iidcr and the 
French 
as in azure 

an indication tliat a vowel sound 
occurs, but that it is elided and 
cannot be identified, as in apple 
(ap-r 

A heavy accent (') follows a syllable 
receiving the principal stress, 
and a lighter accent (0 follows a 
syllable receiving a secondary 
Stress. 
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The STORY of the EARTH 


Reading Unit 
No. 1 

WHERE THE WORLD GAME FROM 

Note: For basic information For statistical and current facts ^ 

not found on this page, consult consult the Richards Year Book 
the general Index, Vol, jj. Index. 

Interesting Pacts Explained 

What every substance on the What do we believe to be the 
earth contains, 1-2, ii origin of the planets? 1-6-9 

What makes substances on the How did the earth get its crust? 

earth stay together? 1-2 1-9, ii 

What keeps the earth revolving What causes the tides? 1-9 
around the sun? 1-2, 9 How did the earth’s first rain 

What are the flames on the sun? occur? i-ii 

1-4 

Things to Think About 

What would happen if gravita- What was the basis for the forma- 
tion ceased? tion of early rock? 

What happ)ened to the tenth What would the earth be like if 
planet of our solar system? no water had formed? 

Are metals always solids? 

Picture Hunt 

What happened to part of the 1-7 

sun, according to the ‘‘tidaF’ What does a nebula look like? 
theory? 1-7 1-4 

What is the arrangement of the What does newly hardened ig- 
planets of the solar sy.stefn? neous rock look like? 1—8 

Related Material 

What did Kepler discover about How does water help to make 
our planets? 1-288-90, 13- rock and soil? 1-363 

399 What is the difference between 

How do we know what planets the earth and a star? 1-105- 

and other heavenly bodies are 6 

made of? 1-187-88 Why is all matter said to be 

Why do we not communicate electricity? i-499, 54 1, 542, 

with Mars? 1-152 i3“3 

What causes earthquakes? i- What were some early beliefs 
81-82 about the earth? 1-100-3 

Leifture^time Activities 

PROJECT NO. 1 : Make a chart PROJECT NO. 2 : Make p draw- 
of the solar system, 1-5, 7. ing of Saturn and its rini|s, 1-6. 

Summary Statement 

Scientists believe that the earth dental collision or by gravita- 
and the other planets were tional pull between the sun and a 
formed from the sun by an acci- nearby star. 
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WHERE the WORLD CAME FROM 


Why It Started in a Vast Mist and Ended in the Stout Little 

Ball We Live On 


E T.TVE in a world of magic. Have 
you ever stopped to wonder where 
the common things arountl you came 
from — the clothes you are wearing, the books 
you take to school, the dishes you eat from, 
and your rubber ball? All of them u.sed to 
be vastly different from what they arc tt)-day. 
They have undergone changes that would 
make a magician turn pale with envy. 

Let us look at your |>encil for a moment. 
To put it in your hand, Science waved her 
magic wand, got a substance called graphite 
out of the earth, mixed it with clay, and so 
made the “lead'^ with w^hich you write. The 
wooden case around the lead was once part 
of a lofty tree. So was the eraser; it once 
flowed as juice from a rubber tree — in far-off 
Africa, Brazil, or India. Even these sub- 
stances had already been marvelously trans- 
formed. The graphite and clay were not 
always graphite and clay. Once they floated 
around in .space in the form of gas. 

In this way w'c may ask the origin of 
everything around us — and the answer will 
always be equally amazing. A wise man is 
never satisfied with the first easy answ er he 


gets, lie pushes his questions farther and 
farther back until he comes at last to the 
question that we all must ask sooner or later. 
You have probably asked it many times 
yourself. Where did the earth itself come 
from? What was it made of? 

There is an old story of a magic carpet on 
w'^l^':h people could travel swiftly through 
space. Perhaps you have envied the men 
who were lucky enough to take a ride on it. 
But we too have a magic carpet. We call it 
the Imagination. Wc are going to climb on 
it now and go back to the very beginning of 
the world. Because we are moderns we shall 
take along a guide — something the travelers 
in the old story lacked. Our guide is a very 
learned person named Science, or Knowledge; 
and he owns a magic telescope through wrhich 
invisible things may be clearl}'' seen. 

When we arrive at the beginning of time — 
“In the beginning,*' as the book of Genesis 
says — we find that all is darkness. But our 
able guide carries a magic lamp, from which 
he sheds a flood of light. Even so we can 
see nothing but empty space — “without form 
and void.” 
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But our guide tells us to kcej) on looking, 
and even as we watch we see small sjiecks 
or particles beginning to take sha])e. When 
we ask our guide where they come from, he 
can only shake his head. He sa3’s he docs 
not know. 

The Bricks of the Universe 

How they ever started is the deepest of 
mysteries, he says, but what they now are is 
fairly clear. They are the tiniest known bits 
of matter. Not that they look at all like the 
matter all around us to-day, for there is 
nothing ‘‘solid” about them. They 
look more like light than like 
anything that we commonly call 
matter. They are really tiny 
particles of electricity. But out 
of them, in an amaz- 
ing way, all the mat ter 
in the world has been 

For these particles 
are of two kinds — pro- 
tons (pro'1611) and 

electrons (^-lekTronl. evVn* 

Now nothing solid made up 

can be made of „,*riSlwe 

protons alone or steel, and pn 

e 1 up of them; and 

of electrons eiUrge these se 

alone; but when ® 

protons join with piece of wood and 

electrons they form what ® 


kceji on looking, stronger. Its greater strength of arm enables 

see small sfiecli it to pull other atoms into it more.Qpsily; 

:e shai)c. When and also to pull at the other molecules grow- 

y come from, he ing up around it, and to join with them in 

[ie sa3’s he docs new and larger bodies. Each new and 

stronger body will keep on drawing other 
bodies into it; and so the work will go on 
niverse particles of electricity 

5 the deepest of have been built uj) into all the kinds of 

; they now are is matter that wc know so well — ^gascs and 

niest known bits li(|uids and solids. 

ok at all like the The power by which every atom in the 

a rse jmlls at every other 

>m is called gravitation 

mysterious force that 
holds all creation together. 
It is gravitation that keeps 
ns all from falling oil the 
earth. It is gravitation 
that keeps the earth frorir 

sun. It is gravitation that 

them from dashing off fdr- 

ever. But in spile of all we 

Inve found out 'dinnf fhe 
iia\c lounu olil .uioia me 

wav' ill which the force of 

«ra'vitation rules the uni- 

rials many times, they would look porous versi‘, tlio force itself is still 
like a sponge. • Try the experiment with a 
piece of wood and see if the wood does ‘1- mysli'ry to us. 
not look as you see it in the picture. \\r^. 


is known as an atom (at'um) of matter, we have no notion what it is. I’crhaps we 

Even atoms are much too small to be seen, shall never know. It is as mysterious as the 

A million of them side by side would not origin of the first bit of matter. For now as 

reach across a hair. Yet these invisible w-'c are being whisked home again on our 


specks arc the bricks that build uj) the world 
and everything upon it. Indeed, they make 
up the whole universe. 

“But how,” we ask our guide, “could a 
huge world be made from such loose, invisible 
particles?” 

It is an interesting story. 

Every little atom in the universe has count- 
less invisible “arms.” With these it reaches 


magic carpet, our guide hastens to say that 
the arms by which the atoms seem to pull at 
one another arc not reall\' arms at all. He 
just called them arms because he couhl not 
think of any liettcr word. Indeed he hardly 
know's what to call them. All he knows 
about them is the way they pull. Only with 
our magic telescope could wc have seen them 
pulling atom into atom, luid molecule into 


out and takes hold of all the other atoms near molecule. No mortal eye could ever have 
it, as if trying to join with them. The arms seen such a sight. For wc have been walch- 

of a single atom are not very strong, but ing the very act of creation. We have been 
when several atoms come together and make looking at the birth of matter, 
up what we call a “molecule” (m 61 'e-kul), Suppose we should get up some morning 
the arms of this new body are a good deal and find that the sun had suddenly stopped 
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H w iijdj V nilhons of times has the sun peeped over 
the Alpsl Yet the Alps are very young compared with 
the great age of the sun, and so— for a longer time 


than anyone could possibly imagine -that shining disk 
was rising and settmg before it found any Alps to 
peep over' 


shiniii" Whal a strange and tcmbk ])laec 
till V Olid \voiil<l sum' Ouronh light would 
lx a Jidi, dim glow from iht fii ou stirs 
Ih( moon \v*oukl lu\c gone out, of courst, 
for all lui light is mcitl> a icllcclion of the 
sun 1 he ])lants would die I he earth would 
grow teinb]\ eold colder thin an\ thing 
111 in has (Ml felt Ml liMiig ( rtatures would 
pirish, ind in i little' while the seas would 
tiiin to ’^olul xc 

Could ill this e\ei liappen’ How long 
will oiir sun lvU[) on shining'’ \nd how did 
he get so hot that he can ke(p on warming 
Us so long'' 

lor in answei we hid lietter summon our 
good old gui<k and g( I him to take us wa> 
back again to thi beginning of things to the 
biith of the sun 

When the Earth Was a Gigantic Cloud 

As we diaw nt ii the gre it e vent he opens 
the shutter of his magic lamp and lights up 
the spiec around us Once more we are 
looking at the billions of <itoms that were 
just being born the last time we were watch 
ing, We may now notice that they are all 
moving about In space as they tug and stiam 


at one another with all their might, and as 
thev slowl> draw closer and closer together, 
the V form some thing that looks like a gigantic 
cloud 

The First Light Ever Made 

\t first we ein set the cloud only when 
O' shutter of oui magic lamp is open, for 
ill ,)iee is linker than the darkest night 
Jlui a^ the atoms swarm closer and closer 
♦ogelhei, th( wliolc cloud must keep shrink- 
ing er getting more and moie dense Of 
course it 1^ still a \cr\ mist} affair, and wc 
e in SCI right through it as if it were the 
thinnest kirul of ha/e Still it does keep 
gelling thiekir and thicker, until — 

SuildenK out guide shuts off the lamp, and 
W all space is glowing as with a lier> mist 
ll i'* the lirst light ever made, and the 
lirsi heat It is the light and heat that are 
still burning m our sun to-da} • 

But what mtide the cloud get hot? We 
arc none too sure about it all, but at least 
we know that when matter shrinks it often 
gets warmei, and that when it shrinks a 
great deal it will get ternblv hot We have 
no real notion why it docs so, but we know 
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Photo by YorkM Oburvotory 

This is one of the vast fiery mists we call nebulae, mass as this that the sun and all tiie children of the 

Scientists believe that it was from some such gaseous sun were finally evolved. 


it always does. So wc believe our first great 
cloud kept shrinking until it turned into the 
fiery mist we have just seen; and we also 
believe it went on getting smaller and hotter 
till it finally became the sun above our heads. 

Is There Fire on the Sun? 

But we must not suppose that what we 
are calling the fire in the ancient cloud or in 
our modern sun burns like any of our fires 
on the earth. It takes air to make our fires 
bum, and without air wc could not even 
strike a match. But there was no air in the 
fiery cloud, nor is there any in the sun. And 
any fire in the air will bum up and go out, 
but the fire in the cloud or in the sun can 
never go out in the same way as the fire in 
our stove. For in truth it is not really fire 
and it does not really burn at aU. It is just 
heat. In a vacuum, or an airless place, a 
thing may be very hot without burning up; 
the white-hot wire in an electric bulb will 
last for months because the bulb is almost a 
perfect vacuum. Just so the sun is unim- 
aginably hot, but it is going to last for ages 
upon ages because it floats in a vacuum that 
is really perfect. Big as it is, it would some 
day bum out if it were actually on fire. But 
it is just hot; and it goes on keeping hot. It 


will keep this up for millions and millions of 
years. In some dim future it may possibly 
cool off, but burn up it never can! 

As our magic carpet wafts us gently home, 
our guide adds one more explanation. There 
is a very handy little word, he says, that we 
must often use when we arc talking about 
things that happened millions and millions 
of years ago. The word is ‘‘theory” (lhe'6-rl). 
When we give the l)est reason we can find 
for anything, and yet ainnot really prove 
that the reason is the right one, we are offer- 
ing a theory. Now most of the things our 
guide has just been telling us arc theories, 
for most of them have not been really proved. 
Sometimes wc call them hypotheses (hI-p5Lh‘- 
e-sez). They are the carefully formed beliefs 
of many wise men who have spent their lives 
in the study of the earth and the stars. 
Certain other wise men who have studied 
just as hard have offered theories that are 
different, and the wise mfn of the future 
may tell us something difi^rent still. Our 
guide says he has told us #hat most of the 
wisest men believe at present. 

Where the Earth Came From 

But we have many a question left to ask 
our guide. He has shown us the birth of 
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This IS how the sun may once h«ye looked, according began to flatten at the poles and to bulge out all 

to the Nebular Hypothesis of Laplace The sun had around the equator. Thei^ one by one» by centrifugal 

done a lot of spinning and shrinking before it reached force, it began to throw out the ten great nags of 

the stage you see aboye. As it spun and shrank, it gas which you see encircling it aboye* 





Then, Mcordiaf to Uplu«, <hs of gu boju to 
condense around one or more of their larger pa^cles. 
Bsea long, sloe process each nng condensed into a 
round ball of gas yery much like its parent sun. These 


new bolls of gas began to throw off rings— just as tL.., 
had been thrown off by the sun. These rings became 
moons. Aboye, you see the solar system. One the 
planets was broken up into UtUo ‘'asteroids.'* 
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matter, and has given us a glimpse of the 
infant sun. Now we want to ask him where 
our own earth came from — as well as the 
other planets which all whirl around the sun 
in the way our earth does. 

Our old guide will be very honest about 
this. He will begin by telling us that nobody 
really know's for certain how the earth got 
here. Then he will add that there arc three 
great guesses, or theories, about the birth of 
the earth and the other 
planets, and that any man 
who is wise enough may 
take his choice of the three. 

Our guide will tell us \Yhat 
the guesses are, and will 
give us the main reasons 
for and against each one of 
them. 

The first guess is the fa- 




'Fhen of course as the gas ball spun faster 
and faster it began to flatten at the poles 
and to bulge out all around the equator. 
Anybody knows it ought to do that. When 
its speed had grow’n rapid enough, it threw 
oflF a great ring of gas all around the equator — 
more or less like one of the rings aroun^l 
Saturn to-day. It threw olT this ring into 
space simply through centrifugal force — the 
force that makes drops of water tly off from 
^ a spinning wet ball. As the 
sun shrank still more and 
went still faster, it threw 
tiff another ring; and then 
another and another, until 
tlicre were ten in all. 

X(‘xt these rings of gas 
began to C(»ri(lense around 
one )r more of their larger 
particles. It -was slow 


mous Nebular (nCb'u-lar) This is Saturn, the rreat planet which is work, of course, but there 

Hypothesis, mvcntc<l by Sie”sun*iroufd"have been'sM«>Mided*by was l^lcnty of tinu'. Ill the 
the French astronomer La- nngsi according to Laplace’s theory as to jQ^g run each ring cim- 
place (la plas ) more than densod until it had lurnerl 


a century ago. Millions of years ago, La- 
place tells us, the sun must have been a 
great ball of gas far larger than it is to-day — 
perhaps as large as the whole orbit of Nep- 
tune is now. This vast ball of gas was spin- 
ning round, and it was also shrinking in size. 
The slirinking came simply from the pull of 
gravity, as all the particles of gas tended to 
fall or condense around the center. 

When the Earth Began to Shrink 


into a ball of gas, v»Ty much like the parent 
ball of the sun, but very much smaller. Thus 
each ring turned into a round planet. 'J’Jiese 
gaseous planets were all spinning too; and 
most of them threw off one or more satellites, 
or moons, in the same wa^ they had them- 
selves been thrown off from the sun. 

As the ages passed, these planets c\)oled. 
From a ball of gas each turned into a ball of 
liquid and then into a ball of solids. Thus 
they came to be the earth and Mars and 


Now what would happen to a spinning ball 
of gets that was constantly getting smaller? 

For one thing, the smaller it grew the 
faster it would spin. You know that to be 
true, for you have watched the water flowing 
out of a basin tlirough the pipe at the bot- 
tom — the lower the water gets in the bowl, 
the faster it spins in its little whirlpool around 
the opening of the pipe. You know jt, too, 
if you are an expert on the horizontal bar — 
for when you are doing a ‘‘giant swing” at 
arm’s length you will be going fairly slowly, 
but if you quickly double up around the bar, 
and tuck in your legs, you will at once whirl 
a good deal faster. In the same way the sun 
spun around faster as it kept shrinking to a 
smaller size. 


Jupiter, and all the other children of the 
solar system as we sec them in the sky to-day. 
In the center of them all is llie parent sun, 
still spinning and still very hot. It is so 
much larger than the ten planets it threw 
off that it has not had time to cool. 

But we are saying that the sun shot off 
ten planets, and we have found only nine of 
them. And thereby hangs another tale. 
Long, long ago one of the planets seems to 
have met with some terrific accident that 
shattered it into thousand^ of pieces. We 
have found many of these bits in the heavens, 
and we call them asteroids (as'ter-oid) — 
“starlets” — or minor planets. They are really 
tiny worlds that keep to their regular paths 
around the sun just as their big brothers do. 
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Now all that, our guide says, is the first 
guess as to how the world was horn, or the 
Nebular Hypothesis. He says he used to 
think rather better of it than he docs now. 
He now finds it pretty hard to believe, and 
for the following reasons: He does not think 
the sun was spinning fast enough to throw 


The other star would pull out a great 
“arm” or filament of gas from our sun — 
Jeans calls it a “cigar-shaped” arm. At first 
the arm would be pulled straight out from 
our gaseous sun, or straight toward the other 
star. Hut since the other star is dashing 
onward at a di/zy speed, the arm would next 



be pulled after it on its path; and so the 
arm wcmld get a motion not only away 
from our sun, but around our sun os well. 
Then more and more matter would be 
pulled out by tlic sublime visitor, and 
treated in the same general way — though 
it may not be drawn so hard or so far, 
since the visitor is passing very rapidly 
and now has less time left for pulling. 

And now the great tramp star passes 


‘ If the “tidal” theory of Sir James Jeans is any- 
where near the truth, it was a lucky chance that 
brought the giant tramp star so near our sun. 
Othc. •i'se the “cigar-shaped” arm you see above 
would HviTci have been pulled out from the sun, 
the planets would never have been formed, and 
you and I would never have been bom! 

off those rings so long ago; and even so, 
it would have thrown ofT hosts of sc^ia- 
ratc particles and not any such ring as 
we have been describing. Nor would 
these rings running all the way around 
the sun have ever condensed into round 

Nine of the satellites, too, are 

whirling the wrong Avay — in a direction 


ii.e Min nave evei ..unueiiMu i.iu. ruuiiu Here are all the children of the sun as they evolved from 

Nine of the satellites, too, are the “cigar-shaped” arm. The nearest to its parent sun is 

1 • i*. . ,1 . • i: ,• Mercury, the smallest of the lot. Next come Venus, the 

whirling the wrong A\a} in a directum earth, ’'^ars, the asteroids, Jupiter, Saturn, Uranus, Nep- 

oruiosite to the one they would have to * The last, which is farthest of all 

. ‘ , 1 ■ , , 1 . ' V o I discovered until quite recently. 


^ollo\^ undiT this theory. Vor these and 
oilier reasons our guide has just about given 
up the tlieory. 

He thinks better of the second guess, the 
“tidal” theory of Sir James Jeans, a great 
astronomer of our own day. This theory 
starts with a sun a good deal like the first 
one - a vast ball of gas, possibly as big as 
the orbit of Neptune, very thin on the outside 
btit much denser near the center, and perhaps 
not spinning in a slow rotation. \t some 
time ages ago, Jeans thinks, some giant tramp 
of a star — another sun, of course, and a bigger 
one than ours —came whiz/ing by, very close 
to our own sun. It must have come within 
a few diameters of our sun. Now what would 
happen when this amazing visitor came 
along? 


on into space Most of the gas in the arm 
probably falls back into our sun. But not 
quite all of it; some of it has taken on such a 
speed around the sun that when it falls back 
toward that body it docs not cpiitc fall in. 
Tt misses the sun, and goes on around it. 
But it cannot get away from the sun, which 
holds it by the pull of gravitation; and so it 
goes on whirling around the sun, with the 
motion given to it by that passing star. 

The matter that was thus separated from 
the sun was iirobably not of the same density 
throughout. Slowly it began to gather or 
condense around the various denser centers 
in it; and of course the denser these centers 
grew, the faster the work would go on. In 
this way the gaseous matter gathered into 
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I'hoto by C'hiiuffourier, Home 


This stnuige waste land ia a lava field of Mt. Vesuvius, 
where new masses of molten lava are constantly pour- 
ing down to cover the old layers that have hardened. 
If it is true that our earth was once hot and molten. 


then, as it hardened and cracked and new masses of 
molten material oozed over it — and in turn hardened 
and cracked — the original crust of the earth may have 
looked somewhat like this. 


the ten centers which were later to be the 
planets, all revolving around the sun. 

Then where did the moons come from? 
Most of them were torn out of the gaseous 
planets the first time the planets passed 
nearest the sun as they started around it — 
just as the planets themselves had been torn 
out of the sun by the tramp star. Two of 
the planets, Mercury and Venus, may have 
been small enough to condense and turn to 
liquid before the sun had a chance to pull 
away a chunk from them, and that may be 
the reason why these planets have no moon. 
On the other hand, the larger planets, Jupiter 
and Saturn, must have remained gaseous 
much longer, and may have been made of 
thinner gas in the beginning; and that may 
be why nine moons were pulled out of each 
of them. 

The Birth of the Planets 

All of the planets then had about the same 
history as we gave them under the other 


theory. They turned slbwly from gas to 
liquid and then to solid balls, whirling around 
the sun and taking various periods to make 
the circuit according to their size. 

Is Our World a Lucky Accident? 

That, in brief, is the “tidal” theory. We 
do not quite know whether it is true or not, 
but the greater number of the scientists to- 
day believe it. Our notion of the heavens is 
a very different one according as we believe 
the nebular hypothesis or the tidal theory. 
Under the nebular hypothesis most or all of 
the suns in the universe ought to behave in 
about the same way in throwing off planets, 
and each of them ought be the center of a 
solar system more or less like ours. Jn other 
words, there ought to be?i millions of worlds 
in the sky. But with thd tidal theory there 
would never be any worlds except after the 
very rare accident of one star passing very 
close to another, and tearing away a chunk 

it. Exceedingly few suns would ever liave 
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any planets, and the few worlds in our own 
solar system would be about the loneliest 
things in space. Even among these few 
worlds the earth may be the only one that 
can support life, and so life as we know it 
here would be the grandest of accidents in 
the universe. 

The Third Guess 

There is still a third guess, called the 
Planetesimal (plan'6t-es'I-mal) Hypothesis. 
This also argues that the earth and other 
planets were pulled out of the sun by a pass- 
ing star, but that the gas thus detached 
cooled down into little solid bexiies, perhiips 
about the average size of nuts, and that these 
gradually gathered together in solid masses 
to form the planets. The heat caused by 
their collision would be enough, it is argued, 
to make them melt and fuse together. This 
theory is held by some of the American scien- 
tists, but by few others, and by geologists 
raiher man astronomers. 

We ought to say again that nobofly really 
knows which of these three theories is true, 
or whether any one of them is true. Some 
day, perhaps, we may have a theory that 
will eclipse them all. 

Why Planets Keep on Spinning 

All of the planets were drawn out of the 
sun whirling in the same direction as the sun 
itself, and for millions upon millions nf years 
they have most of them kept on whirling, or 
rotating (ro'tat-Ing), and so turning all their 
sides to the sun in turn. This causes day 
and night on them. If you are .surj)riscd to 
know that they keep right on spinning, you 
must rememl^er that there is practically noth- 
ing to stop them. A thing that is moving 
will keep right on if there is nothing to stop 
it, just as a thing that is at rest will never 
move unless there is something to start it. 

If we have a hard time believing this, it is 
only for the reason that all the ’’ings we 
ever see moving on our earth will soon come 
to rest because there is so much to stop them. 
We throw a ball and at once the air begins 
to slow it up; gravity soon pulls it down to 
earth, and rubbing along the earth, or fric- 
tiop, brings it ro a pause. The same thing 
happens to a bullet. But nothing of the kind 


will happen to a planet. The planet is not 
moving in air but in empty space; its own 
air, if any, is all moving with it. There is 
nothing in empty space to rub against it and 
slow it up. So it will go on for a very, very 
long time. 

But not forever. For little by little the 
old earth, like all the other planets, is slowing 
down. The tides of the sea, caused by the 
I)ull of the moon and the sun, help to make 
it go a littie bit slower all the time. The 
tides cause a certain amount of friction, and 
part of the earth’s energy of rotation is given 
off in the form of heat. Of course the tides 
are the lightest of brakes on the big ball- 
lighter than a single strand of spider’s web 
in the path of a cannon ball. Yet if there 
were enough strands they would finally stop 
the ball. One of these days our earth will 
a. so stoj) — but not for countless millions of 
years. 

Was the Earth Once a Ball of Gas? 

Have you ever looked inside the blast 
furnace of a great steel mill? If so, you have 
seen molten iron, and have perhaps thought 
that nothing could be hotter than iron that 
was hot enough to pour. Yet iron can be 
made to pass through a much more amazing 
change than this. In a temperature a great 
deal higher still, it will boil and turn to gas 
or vapor — just as water boils and turns to 
st.nm. We can hardly think of a heat great 
emnigh to turn iron and other metals into gas. 

let, according to the hypothesis of Sir 
James Jeans, our friend ly'^ earth was once so 
hot that it was all gas. For when it was first 
drawn out from the sun, the sun itself was a 
great mass of seething vapor, held together 
by the pull of every atom in it upon all the 
other atoms. For millions of years the earth 
kept a terrific heat, but slowly its surface 
cooled off enough to turn into liquid— just 
as the iron in the furnace was liquid before 
it grew hot enough to turn to gas. In its 
liquid state our earth must have looked very 
much like the molten iron in the furnace. 

How the Earth Got Its Crust 

Now whenever iron ore is melted, the bits 
of rock that are always in it rise to the top, 
for they are lighter than the metal If this 
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Photo by Notioiwl Park Servioe 


The Hawaiian Islands were built by the eruptions of of these stately volcanoes. Itl crater is the largest 
many volcanoes that rose from beneath the sea- -and active crater in the world. At the center of the great 

some of those volcanoes are still busy to-day I But plain inside this crater is the aeething pit shown in 

the ones now active are mainiy of the **quiet** type; the picture above. Here at night one may see foun- 

their sides slope gently, their craters are wide, and tains of fire at play. The goddiss Pele was the dread 

the lava that rises and falls in their bubbling cauldrons, mistress of Kiiauea; and to the glassy threads that 
flows in a quiet stream when it rises above the crater the wind spins from the lava drops, the Hawaiians 
walls. Kiiauea (kdTou-A/M) is one of the most famous give the poetical name of “Pole’s hair.’’ 
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theory is true, the same thing happened 
when the earth cooled down. All the sub- 
stances that were lighter than the heavy 
^tretals rose to the surface of the ball. And 
there, as they cooled off a little, they formed 
a kind of crust — very hot but not quite 
molten. Of course the crust was very thin 
at first, and so was forever cracking. Wher- 
ever it cracked the molten stuff within oozed 
out and ran over the hardened surface in 
every direction. But when it had also cooled, 
the crust was just that much harder and 
thicker. Then, too, the molten rock inside 
kejit rising and adding its bulk to the under 
side of the crust. And so for a long lime the 
process of making a skin for the earth went 
on. At last it was incased in a hard, thick 
shell of what w'e call igneous (Tg'ne-us) rock — 
for ‘‘igneous” means “made by fire.” 

The Earth’s First Rock 

If things happened as wt have said, this 
was the iirst rock ever made on the earth, 
and from it came the soil and all the rocks 
we have to-day. But this first rock w^as 
made so many ages ago that wc can no 
longer recognize it to-day. It has been 
l)uried, folded, remelted, and so transformctl 
.that even if it is present w'c cannot tell it 
from later igneous rocks which have gone 
through the same history. It has also been 
weathercfl and broken uji into small bits 
which have gone into the making ,>f the 
second great class of rocks' the sedimentary 
rocks, the first of wdiicli came from igneous 
rocks. About these sedimentary rocks w'c 
arc going to speak in another place. 

When the terrilic heat of the young earth 
had been shut up inside a solid crust, some 
very wonderful changes c.ame over our world. 
It was then, for instance, that rain began 
to fall. 

Where the First Water Came From 

Now one might easily suppose t. t water 
had always been water. But it must also 
have started its career in that first fiery 
cloud, and it could hardly have been much 
like water in so hot a place. Like all the 


other things there, it existed in the form of 
tiny particles of electricity. And we do not 
know for certain just how and when it first 
turned into water. But many of the scien- 
tists believe that various kinds of gas escaped 
from the earth after its crust hardened, 
through volcanoes or otherwise, and that 
some of the gases united to form w’ater. h or 
water is made up simply of two gases, oxygen 
(ok'si-jen) and hydrogen (hi'dro-jfin). 

The Earth’s First Rain 

The crust of rock acted as a shield between 
the hot interior of the earth and the gases 
around it. When w’ater was given out from 
the HKks that were turning solid, it took the 
form of a great cloud of steam, which hung 
over the earth for thousands of years. But 
as lime w'ent on, the crust grew thicker and 
held in more and more of the heat. Then 
the cloud of steam around the earth had a 
chance to cool. So of course it gathered into 
drops of water and came down in torrents 
of rain. 

When Water Began Its Work 

But the crust must still have been very 
hot, and the rain must have turned back 
into steam just about as soon as it touched 
the earth, just like drops of water falling on 
a ht)t stove. What a mighty hissing there 
must have been! Up rose the steam again 
hi a cloud - but only to cool off and fall once 
mo/', as rain. It must have taken many, 
many years for the warm showers to cool the 
earth’s hot “skin.” But in due time the 
work was done; and then the water began 
making some important changes on the crust 
of rock. 

But now W'C must give a farewell glance 
at the huge ball that wdll one day be our 
earth, and then settle ourselves upon the 
magic carjiet for our return home. Just be- 
fore wc .“^tart, our guide pauses to point out 
the thousands of twinkling stars that light 
up the sky. They are all suns, he says, like 
ours. They were all made from atoms — 
very, very tiny specks of matter — in the 
same w'ay as ours. 
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Reading Unit 
No. 2 


HOW THE EARTH RAGES THROUGH 

SPACE 

J^ote: For basic injormation For statistical and current facts ^ 

not found on this page, consult consult the Richards Year Book 
the general Inticx, Vol. i§. Index. 

interesting Facts Explained 
How big is the earth? 1-13 ity? 1-14 

How did the earth get its shape? How much does the earth weigh? 

1-13 i“i 6 

How many miles does the earth What holds the earth in its path? 

travel in one year? 1-13 1—15-16 

W’hat keeps us from falling off How do we weigh the earth? i-* 
the earth? 1-14 16 

Who discovered the laws of grav- 

Things to Think About 
What would happen if the earth the sun? 

slowed down in its motion? Why does not a man weigh ex- 

Suppose the earth’s gravity actly the same on all parts of 

ceased to act! the earth? 

Why is not the earth pulled into 

Picture Hunt 

How do the planets compare in end of a string pull the string 

size? 1—16 • straight? 1-15 

Why does an apple hanging at the 

Related Material 

Did people ever believe that the How does centrifugal force affect 
other heavenly bodies revolved bodies other than planet.s? i~ 

about the earth? i— 100, 103, 310-12,313 

13—393 How does centrifugal force affect 

How may a change in the earth’s the moon? i— 122, 136 

orbit have affected the coming How does centrifugal force help 

of an Ice Age? 1-61 us pump liquids? 1—465 

Who first found out about the Ice What are the antipodes? 5-543 
Age? 13-431-33 

L,eisure*time Activities 

PROJECT NO. I : Demonstrate showing the relative sizes the 

centrifugal force, 1-15. planets, 1-16. 

PROJECT NO. 2 : Make a chart 

Summary Statement 

The earth takes one year to almost circular orbit 584 million 

revolve around the sun along an miles in length. 
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What has a little 
top in a vacuum 
got in common 
with our earth? 
Just this: they 
are both of them 
spinning away in 
an airless space. 




HOW the EARTH RACES through SPACE 

iS'o Al'hittess that She Has Spun Herself Out of Shape, She Travels 
Over Half a Billion Miles a Year 


F YOU had a great mass of molasses 
candy and wanted to make a ball of 
it, what would you do? The quickest 
way would be the one that Mother Nature 
took to make a ball out of the earth when 
the earth was still softer than molasses candy. 
She just spun it round and round till it looked 
like a big orange. Ft)r like an orange, though 
to a much slighter degree, it is the least bit 
bigger arouiul the middle and the least bit 
flattened at the top and bottom. 

The reason for that is very cas)’ to find. 
If you si)un your ball of soft molasses candy 
fast enough, it would start to swell around 
the middle and to flatten at the top and 
bottom. And the thing that makes it do so 
is the centrifugal (sCn-trTf'u-gal) force of 
which we have already heard — the force that 
makes drops of w^atcr fly olT a wet ' ill if we 
spin it. Just so, when the earth was soft 
and was spinning a great deal faster than it 
does now— five or six times faster— it was 
whirled a little out of shape; it swelled out 
a little at the middle, or equator, and flat- 
tengd a little at ♦he top and bottom, or poles. 
Butme flattening and swelling arc so slight 


that a true picture would never show them. 
The earth is only tw'cnty-seven miles farther 
througli at the Equator than at the Poles; 
and it is about eight thousand miles through 
at either place. 

When we .see the sun rising in the cast, 
s'^’ling across the sky, and setting in the 
wTs. we may have a hard time believing 
that it is standing still. But that is what it 
dixrs. It appears to be scudding over the 
sky only because we are spinning around be- 
neath it. In the same way, when we lie on 
our backs some summer afternoon and gaze 
up into the deep blue sky, we can hardly 
imagine that we are plunging along through 
it at the mad rate of more than a thousand 
miles a minute. Yet that is the speed our 
earth is making as she carries her billion and 
a half paosengers on their annual trip around 
the sun. A bullet from the best gun in the 
world travels less than a mile a second, but 
the earth goes over eighteen miles in the 
same time. 

Her path — or orbit (6r'blt) — is 584,000,000 
miles long; and the time she takes to cover 
it we call a 'year,'* When she gets back to 
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her stiirting point -that is, when she has 
made one ‘‘revolution” — she has traced what 
is almost a |>crfect circle, though not quite; 
it is slightly flattened, and the sun is not 
exactly in the center of it. In January, the 
earth is 91,500,000 miles away from the sun 
and in July it is 94,500,000 miles away. The 
average distance is about 9,^,000,000 miles — 
the distance that we often call “the yardstick 
of the universe.” 

Some of the ancients used to picture the 
earth as a great flat plate floating on a gi- 
gantic ocean. Others , 
thought it was held up 
by four big elephants, 
who in turn stood on the 
back of a huge tortoise. 

They would probably 
have found the truth still 
harder to believe. For 
the truth is that the earth 
rests on nothing at all. 

It is freer than a ball in 
the air, for it simply 
floats in empty space. 

Yet it is held up as 
firmly as if it were 
chained with cables. The 


cut down and carefully preserved. Still the 
story is not quite true as it is commonly 
told. Long before Newlon men knew why 
an apple fell down to the earth instead 
flying up into the sky. They knew that the 
pull of the earth^s gravity made the apple 
fall; and they knew that the same pull kept 
everything on earth from dropj>ing off into 
space. They knew we should all be able to 
jump over the moon and never come back if 
there were no gravity to hold us down to 
earth. So the apple tlid not puzzle them. 

But they did not know 
that every body in the 
universi’ — every sun and 
motai and planet — pulls 
at every other body in 
t ho same way as the earth 
pulls ;it the apple, 'fhat 
was Newton’s great dis- 
covery. We rail it 
versal gravitation, and 
we now know that it is 
what holds the earth and 
her moon, tlie planets and 
the sun and all the stars, 
in tludr precise paths 
throughout all the ages. 

led that the world was All of these suns and 
ing turned it upside , , <> , 

111 off I Now you and worlds are luillmg and 


most gigantic forces in Simple people have imagined that the world was All of these siins and 
° f flat, and that if something turned it upside , , <> , 

the universe arc forever down, everything would fall off! Now you and worlds are imllmg and 

gripping it and holding it straining at one anollicr 

to its place in the vast living on it goes. For the force we call gravity all the time as they 

void that we call space. plunge headlong througli 

And so it is with all the where over the waters of the globe. It may space, with the result 

other planets. All their ** ““ that long ago they all sei- 


seeming freedom ends in the necessity of 
whirling evermore around their sun. 

Nobody knew what held them in place 
until about 250 years ago, when the great 
Sir Isaac Newton found out the secret. There 
is a story that Newton saw an apple fall to 
the ground aiui began to wonder why an 
apple always comes down from the tree and 
never by any chance goes up; and* that he 
kept on wondering about this until he found 
out the secret of universal gravitation. 

The Truth about Newton and the Apple 

Now the apple may well have started 
Newton thinking, and indeed the tree from 
which it may have fallen was still standing 
in the time of our grandfathers, when it was 


tied down to certain paths where all the pulls 
and .strains arc ccpialized. There in thijsc 
paths they remain. The huge balls will never 
ski]) the track by so much as an inch without 
good cause, will never move a hair’s breadth 
e.\ce])t in accordance with the law of universal 
gravitation. 'Fhe discovery of that law was 
one of the great triumphs of the human mind. 
Perhaps you would like to know the law by 
heart — it is one of the things you ought to 
remember all your life. Here it is: “Every 
particle of matter in |hc universe at- 
tracts every other particle with a force 
which is in direct i)roportion to the prod- 
uct of their masses and in inverse pro- 
portion to the square of the distance betw‘?en 
them.” 
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The apple which the boy in the picture above is whirl- It is this “pulling away** that we call centrifugal force, 
ing about him at the end of a piece of elastic, is trying and it is that force which keeps the earth from falling 
to pull away; but the elastic keeps it from flying ofl. into the sun> 


fact is what saves us from falling off 
the earth, and kecj)S everything in its place 
from a pcl/uJc lo a planet. I'he Liw was not 
easy to discover. The great Xewton was 
twenty-two years old when he began to 
search for it, i^erhaps with a liint from the 
apjdc. At the time he \vas dissatisfied w'ith 
the way scientists explained the motion i)f 
^hc moon anil the tilanets. He had been 
reading the explanation of a iamous Fn'nch- 
nian named I )cscartes (dii'kiirt'), who thought 
that the moon ami the planets were Hoating 
in a liquid that filled all space and ^ ere 
hurled around in their orbits by whirlpools 
in the liquid. Newton doubted this, and 
began to wonder whether the same thing 
that explained the apjde would not explain 
the moon and the planets. 

How the Sun Holds the Earth in Place 

But his first calculations seemed to show 
that his guess was all wrong. So he dropped 
the matter. Then .seventeen years later he 
heard of a new measurement of the earth, 
wliich would make a difference in his fig es. 
And when he tried the new figures, he had 
the joy of finding that his guess was perfect. 
The secret of all the whirling in the skies 
was out at last . 

But if the sun is always pulling at the 
rtk as the earth pulls at the apple, why 
docsfiT the earth fall right into the sun? 


Well, take your ball and tic it to a strong 
piece of elastic. I'hen whirl it around your 
head and see what happens. As it swings 
round you it is always pulling away, and 
only the clastic keeps it from Hying off. The 
faster it whirls the farther out it will pull, 
but the slower it whirls, the nearer it w'ill 
come to you. 1 f you slop whirling it entirely, 
it w’ill be draw'll into your hand. 

Why the Earth Isn’t Drawn into the Sun 

'fhe same thing is always hapjicning with 
the ea’-Jh and the sun. In place of the elastic 
band, ife force of gravity is ahvays trying 
to pull the earth into the sun. But the earth 
is wiiirling round the sun so fast — twenty 
times faster than a bullet from the best gun- 
thal it is pulling very, very hard to get away, 
'['he result is that the tw\) great pulls just 
equalize each other and keep the earth where 
it is. As long as you swing your ball around 
your head at the same speed, it keeps in the 
.same circle. And that is exactly what the 
earth does. 

As long as it keeps up its present speed, it 
will stay at a safe tlislance from the sun. If, 
for any reason, it should ever get up enough 
more speed it would lly off from the sum - 
just as your ball would break its elastic — 
and dash out on a straight line into frigid 
space, where it w^iuld at once be frozen. If, 
on the other hand, it ever slowed up enough, 
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it would fall right into the sun and burn up. 
Hut we need have no fear of either disaster. 
For a longer time than we can ever imagine, 
we are going to keep right on pulling away 
from the sun by our centrifugal force, and 
being pulled toward the sun by its gravita- 
tional force; and the result of the two forces 
will keep us right where we arc, always doing 
our eighteen miles a second round our hot 
captor. 

You will remember that the earth i.s just 
a little flatter at the Poles, which means that 
it is not quite so thick through at tho.se points 
as it is on the Equator. So at the Poles a 
man would be a little nearer to the center of 
the earth. The man therefore weighs just a 
tiny bit more at either Pole than on the 
Equator. The i)endulum of a clock also 
moves a little bit faster in the region of the 
Poles, for it is the pull of gravity that governs 
the pendulum and makes it swing back and 
forth at a regular speed. This would not 
affect your watch at the Pole, of course, for 
that is governed by a spring. 

To weigh the earth! What an enormous 
pair of .scales we should need! But maybe 
we can find a way to do it without scales. 
We usually weigh an object by putting it on 
a balance and seeing how much the earth 
pulls at it. The greater its “mass^’ — or the 
more stuff it contains — the heavier it is; that 
is, the harder the tug of the earth on it. It 
is true that every object attracts every other 
object, but the attraction of the big earth 
is so great that the attraction between other 
objects on its surface is not noticeable. Still 
we can show that the attraction does exist. 


For we can suspend a very light object and 
see it attracted by a large mass of metal, 
and we can even measure the force with 
which the larger mass pulls at the sm^llwc 
one. Of course the pull is extremely slight, 
and we need special apparatus to detect it 
at all. 

But if we have found out how hard a large 
mass- -say two huiiflred jiounds of steel — 
will pull at a small mass — say two ounces of 
gold — we can find out liow' much harder still 
the earth will pull at the two ounces of gold. 
And that will tell us exactly how many times 
heavier the earth is than the two hundrerl 
pounds of steel. You see it is a roundabout 
way of finding out, but just as certain as if 
we could put the earth on a gigantic i)air of 
scales. 

Perhaps you w'onder why we cannot simply 
take a sample of the stuff of which the earth 
is made, measure it and weigh it, and then 
calculate the weight of a ball of it as big as 
the earth. The trouble is that we cannot 
reach far down into. the earth to see what it 
is made of. All our samples come only from 
the surface; wc cannot reach the core. We 
can tell the density of the earth only by 
measuring its pull on other objects. What 
we find is that our old earth. has' an enormous 
weight — far greater than we can imagine. 
Most of us cannot even give a name to so 
vast a sum. We will help you all we can 
with it; we wall put it in round numbers: 

6,000,000,000.000,000,000,000 TONS! 

The number is six sextillion. And yet, as 
a matter of fact, the earth is rather a small 
planet, as planets go. 
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Reading Unit 
No. 3 


WHAT A NEW MOUNTAIN IS LIKE 

Note: For basic information For statistical and current facts, 

not found on this page, consult consult the Richards Year Book 
the general Index, Vol. / 5. Index. 

Interesting Facts Explained 

How are mountains arranged on What evidence is there that 
the surface of the earth? 1-20 mountain tops were once under 

Which are the important moun- the sea? 1-20. 21 

tain chains? i 20 How old is the Appalachian 

What are geosynclines? 1-20 chain? 1-21 

How does hard rock form? 1—20 Row does water help to form 
-What causes mountains to rise? mountains? 1-21, 22 

1—20 

Things to Think About 

What happens to mountains when How did sea shells get into cer- 
internal volcanic heat cannot tain rocks found on high moun- 

escape? tain tops? 

What would the earth’s surface Why do we believe that new 

be like if water did not chan^^e mountains will be formed in 

• it? the future? 

Picture Hunt 

What kind of rock is shown in How were these amazing steeples 
this picture? 1-19 and pinnacles made? 1-18 

Related Material 

How are mountains sometimes during the Silurian period? 3- 

used by sculptors? 17 

364 How was the Grand Canyon 

How may mountains be tunneled formed? 1-46 

through? 10—203-6, 207 Where may snow-capped moun- 

Which are the highest mountains tains be seen? 1-207, 5-443, 

in the world? 5 432,441,493 452-53,462 

What mountains were formed 

Summary Statement 

There are three stages in ^ae the sides of the trough crumples 

building of a folded mountain. and folds the rock. Finally, pres- 

First, a great trough is formed sure from below pushes the mass 

and filled with sediment, which of sedimentary rock up into a 

sinks deeper and deeper and turns mountain, 
into rock. Then pressure from 
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Do you thinl. ^ « hill as just a hill and a rock as just 
another rock? When you have read all our chapters 
on geology you will see things in a landscape you 
never noticed before. A ^‘cut’’ in a hill, like the one 
above, can tell you many things. The rock, you will 
notice, is sedimentary — that is, water deposited sedi- 
ment that later became rock. Igneous rock, Ihe kind 


that is formed from molten material from under the 
earth's surface, seldom has definite layers; but the 
material here was laid down in fiat beds. It hardened 
and became rock, and then great pressure from the 
sides pushed it into a fold. Of course, if you had 
seen this hill from the top you might not have known 
what made up its *'hump"; so watch for road cuts. 


WHAT a NEW MOUNTAIN IS LIKE 

A Baked Apple Tells Us a Great Deal about What Happened to a 
Boiling World Millions of Years Ago 


E OFTEN find out about things thal 
are mysterious and far away by look- 
ing at the simide ones that are around 
us all the time. Some of Nature’s greatest 
riddles have been solved in this way. Vou 
remember the famous apple w'hich is said to 
have put Sir Isaac Newton on the track of 
one of the great secrets nf the universe? Let 
us see if an api)lc cannot tell us a little more — 
a little about how the mountains were n\adc 
long, long ago — ages before there was anyc ? 
to see them or any life to live upon them. 

First of all, we shall put our apple — smooth 
and red and firm — into the oven to Ijake. 
In a little while the heat causes a number of 
changes in it. For one thing, the juice inside 
soo’^ reaches the boiling point and begins to 


escape as steam; and on account of the loss 
of juic^, the inside begins to shrink. The 
skin of the apple does not contain much 
moisture and so does not shrink a great deal. 
But the bod}-^ of the apple is no longer large 
enough to keej) the skin in shape; so the skin 
shrivels and crumj:)lcs up to fit the mass in- 
side. If we take the apple out of the oven 
now, wc find it covered with ridges and 
wrinkles. 

Now sometriing a little like that may have 
happened to our big earth long ago, and have 
wrinkled its skin into hills and valleys. For 
a long time, indeed, wc used to think it was 
about all that did happen to make our moun- 
tains and our ocean beds, and wc used to say 
that all the wrinkles of the cartli were just 
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like the wrinkles on the apple. But we are 
no longer quite satisfied with the “apple skin 
theory” for mountains and valleys. For our 
great mountain ranges do not run helter- 
skelter all over the earth, like the wrinkles 
on the apple, which cover the whole surface 
and run in every di- 
rection. On the 
contrary, the moun- 
tains run in certain 
fairly definite 
chains. 

There are two 
great mountain 
chains on earth. 

One is the Ameri- 
can Cordilleras 
(k6r'dll-ya'ra) , 
stretching north 
and south all the 
way from Alaska to 
Cape Horn. The 
other, w'hich has no 
good single name, 
starts in the Pyre- 
nees and stretches 
eastward through the Alps, the Carpathians, 
the Caucasus, the Himalayas, and on into the 
Malay Archipelago. All the other mountain 
ranges, such as the Appalachians or the 
Urals, are obviously secondary to these two 
in extent, in height, and in other features. 

There must be some rc.ason for the arrange- 
ment of these great chains. As yet we are 
far from sure what the reason is, though 
some day we may find out. But even now 
we can say a good deal as to how the ranges 
came into being. 

A Mystery in Mountain Building 

For Mjme reason certain long depressions 
are formed on the earth’s surface -like 
huge troughs in its skin. The geologist calls 
them geosynclines (je'6-sTn'klTn). Why these 
great troughs come into being no one as yet 
can say. That is the first mystery in moun- 
tain building. 

Into these troughs the streams bring down 
sediments from the higher lands all around. 
Then the added sediment makes the trough 
sink deeper, some of the “plastic” rock down 
below being squeezed out by the extra weight 


above. As the trough goes on sinking, there 
is room for still more sediment, and so the 
process may go on until there is a great 
depth of s^iment in the trough — ^perhaps 
as much as 40,000 feet in the Appalachtan 
geosyncline. Such a sinking however, can 
harclly be due to the 
weight of sediment 
alone; there must 
be some other 
reason for it, as yet 
largely unknown. 
But the weight of 
scfliment above is 
slow'ly and steadily 
turning that below 
into great layers of 
hard rock. 

Usually at some 
later time, often 
millions* of years 
later, all this sedi- 
ment is subjected to 
enormous forces of 
pressure at the 
sides. The pressure 
squeezes the rock together, crumples it up, 
and produces the folds and faults and over- 
thrusts that w’e may long afterward see in 
mountains. But this pressure, being hori- 
zontal, does not raise tbe rocks up into 
mountains, though it may crumple them up 
a good deal like the apple skin. The raising 
is left for another pressure to do. 

Finally another force, this time a vertical 
one, pushes the masses upward into moun- 
tains. This force iloes not fold or crumple 
the rocks, but merely lifts the whole enor- 
mous mass. What this vertical force is we 
do not know. It is the second great “moun- 
tain mystery.” There have of cour.se been 
guesses at it, but none of them can be called 
satisfactory. 

What we know is that there are three great 
stages in the building of a folded mountain. 
First a great trough begins, for reasons un- 
known, and is filled up with sediment, sinking 
ever deeper and turning 'into r<x:k. Then 
great pressure from the sides crumples and 
folds the rock. Finally great pressure from 
below, its cause unknown, pushes the mass 
up into a mountain. The process goes' on 
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Where do you suppose this piece of rock came from? It is 
made almost entirely of tiny bits from the shells of animals 
that lived in the sea many ages ago. Yet it was found on 
top of a mountain many feet above the present level of the sea I 
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slowJy and takes a vast time—a thousand 
years is only a moment in the life of a moun- 
tain. For instance, the Appalachian trough 
see^s to have begun gathering sediment 
about 500 million years ago; this continued 
for some 300 million years. Then it was 
folded; and it was 
raised to its present 
height only about ? 

20 million years 
ago. h 

Even though oys- 
ters may be dumb U, 
creatures, it was 
these silent little 
beings that first 
managed to tell us 
how mountains 
were made. Over 
Iw^o thousand years 
ago a wise old Greek 
named Xenophanes 
(ze-nof''\ i.l..) dis- 
covered that certain 
rocks on mountain 
to])s had oyster 
shells hidden deep 
down inside them, 
lie knew’ we 1 1 
enough that the 
oysters could never 
have climbed up the 
mounlains, so he 
decided that the 
mountains 
once have been be- 
neath the sea. Since his day many learned 
men have spent their lives studying the earth 
and its formations, and all of them agree that 
many mountains have been heaved up out of 
the ocean. It will also explain the age-old 
beaches that we still find on mountain peaks, 
with the pebbles all sorted and arranged ac- 
cording to their sizes, just as they arc to-day 
upon the seashore. Sometimes these anc‘ nt 
beaches are hundreds of miles inland. 

We are so likely to think of mountain 
making only as a thing of long ago that we 
may be surj^rised to know it still goes on 
to-day. A sizable upheaval has actually been 
measured in Sweden. Rocks that had been 
mai'ked in 1792 were found, a hundred years 


later, to have risen three feet. Indeed, it is 
startlingly true that ‘‘quite recently” there 
were no Rocky Mountains. Of course you 
must understand that we are speaking of 
geologic time, which is measured in millions 
of years. Old Mother Earth w'ould say the 
Rockies were 
formed only year 
before last, when 
she decided oh a 
slow uplifting of the 
region of which they 
are a part. 

The “everlasting 
hills” do not last 
forever; they come 
and go. The bot- 
tom of the sea is 
raised up to make a 
mountain, and later 
it may once more 
become the bottom 
of the sea. In the 
words of a great 
Hebrew poet: 
“Every valley shall 
be exalted, and 
every mountain and 
hill shall be made 
low.'' But the 
change is un- 
hurried. It is a few^ 
million years since 
the Rockies were 
uplifted. The Ap- 
fjalachians are still 
older, and were once much higher than they 
are to-day. Since their first uplifting they 
have probably been w'orn down almost to 
sea level and raised up again. 

The Work of the Busy Streams 

A£ you must know, the brooks and rivers 
are cons tan tl> at work wearing aw’ay the 
surface of the land. They steal more than 
loose sand and soil; their busy fingers WTcnch 
away bits of the solid rock and carry the 
booty down to lay it on the ocean's bed. 
Here it is smoothly packed, layer upon layer; 
and here, under the weight of all the sedi- 
ment on top, the soft mud and sand turn to 
layers of rock. Whenever a mountain is 
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uphcavecl, those layers of rock arc reared up, 
slanting or perhaps on edge — or bent or 
broken — lo form the brand-new land. 

In the bare sides of a mountain, then, we 
have a chance to see the giant’s bones. Even 
from a railway train one may often see the 
different kinds of rock that go to make his 
skeleton. Here is sandstone, there is lime- 
stone, and farther on is shale — all of them 
made from different kinds of mud and sand 
that rivers brought to the ocean ages and 
ages ago. Imagine the patience of Mother 
Nature! Grain by grain, layer by layer, the 
gigantic structure was laid down to a depth 
of many thousands of feet. Tn this process 
a century — a thousand year^— are like an 
hour in your life and mine. 

How to Tell Where a Mountain Was Made 

If there is a great deal of sand in a moun- 
tain’s side, you may guess that the rocks 
were made from layers deposited in fairly 
shallow water near the shore; for rivers, 
which are the chief carriers of such materials, 
cannot travel far into the ocean. Gravel 
embedded in the siindstone is also a sign of 
rocks made near to land, for stones are never 
carried far out from the shore. 

In some places in the Appalachians the 
total thickness of such material was many 
thousands of feet. After a heavy deposit 
had been made in shallow water, its wedght 
helped the foundation rorks beneath to sink 
lower. Then another deposit was made, and 
again the floor of the sea sank. For millions 
and millions of years the process went on, 
till the body of the future mountain was 
made. Then came great comj)ressive forces 
which bent and folded the strata. Finally, 
this mass of folded rocks w^as raised boldly 
upward. On the sides of the mountain you 
may sec what hapinined to the las ers which 
had been spread out so smoothly under the 
waves. There they are — folded and bent 
and tilted, some of them almost doubled up, 
in token of the terrific pressure to which the 
rocks have been subjected. 

That was in the giant’s infancy. Now, 
perhaps, he is old. For a mountain can be 
born, enjoy youth, attain old age, and die, 
just like you and me. Its birthplace and its 


grave are in the sea. All through its youth 
it is gradually being upreared, though already 
the wind and weather are at work to bring it 
down. By the time it stops growing,. -its 
enemies are hard at work, eating it away. 
At last old age sets in, when its majestic 
head is lowered and its mighty face is scarred 
and wTinkled by a thousand streams. Its 
death is slow, but in the end its bulk is w^orn 
away, and brooks and rivers, whispering pall- 
bearers, carry it down grain by grain and 
bury it in the sea. 

Sometimes a mountain range comes into 
being without folding. The layers deposited 
under the ocean arc uplifted gently until they 
lie horizontally far above the sea. Then the 
streams cut valleys in this plateau, eating 
away all of it except a few liigh ridges, which 
form our present mountains. The Catskill 
Mountains in New Vork were made in this 
way. It is the indust ry of thousands of little 
streams and lusty rivers that accomplished 
such a vast piece of work. 

At other times mountains arc formed when 
molten material bursts through the crust of 
the earth in volcanoes. In this way the 
Cascade Mountains were made along the 
^vestern coast of Xortli America. If the hot 
interior cannot quite break through, it may 
crowd up the crust above irinto a lofty dome, 
as it did when the Henry Mountains in Utah 
were formed. And sometimes a range may 
be the result of all of these various processes 
working together. 

We can no longer ga/e at the mighty moun- 
tains, then, without remembering that they 
are here for only a short stay. Grain by 
grain the little streams are plucking them 
away and carrying them down lo the .sea. 
Slowly the rain is ilissolving their rocky crags 
and the wind is sweeping off the (lust to 
distant valleys. Little by little the mighty 
Rockies, Andes, and Alps will disappear, ])er- 
haps to be born again millions of years from 
now. 

“The hills are shadows, and they flow 

From form to form, and nothing stands; 

Like mists they melt, the solid lands; 
Like clouds, they shape themselves and 

go.” 
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Reading Unit 
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THE EVERLASTING HILLS 


Note: For basic information 
not found on this paf^e, consult 
the general Index, Vol. 


F or statistical and current facts, 
consult the Richards Year Book 
Index. 


interesting Facts Exphiined 


The Rockies, the ridgepole of the 
Western World, i—2/\ 

The Japanese pray to Fujiyama, 

1-25 

The Himalayas, home of the 
gods, I 25 

What a mountain is, 1-25 
Mountain ranges of the United 
• Stales, 1-25 

What a mountain system is, 1-25 
What ‘‘mesa” means, i 25 

thousand miles of moun- 
tains in North America, i 27 
Mount McKinley, the highest 


peak in North America, 1—27 
The Sierra Nev^adas,* the highest 
range in the United States, i— 

27 

The aged Appalachians, 1- 27 
The Andes, the highest peaks in 
the Western Hemisphere, 1-28 
The real mountains of Europe, i — 

2t/ 

The “roof of the world,” 1-29 
Africa and her mountains, 1—29 
New Zealand’s mountains, rivals 
of the Alps, 1—29 


Things to Think About 


What relation is there between 
the Rockies and the .Andes? 

AVe all mountains as high as they 
used to be? 

What islands are really the tops 
of mountains? 


In how many different countries 
are the .Vlps found? 

What is the connection between 
the .Apennines and the Atlas 
^lountains? 


Picture 

An old volcano covered with 
snow, 1-24 

How men go through mountains, 

10 203 

How do we know that Alount 


Hunt 

Ever».^i is young? 5—432 
A mountain greatly worn down, 

I- ' 1 

Fiow did sea shells get into moun- 
tains? I 20 


Related 

What a new mountain is like, i - 

19 

Mountain building, 1-20-2 1 
How to tell where a mountain was 

Summary 

'The mountain system along i. e 
west of North and South America 
Ls one of the greatest in the WTirld. 
On the eastern side of North 
America the Appalachians stretch 
from Labrador to Alabama. The 


Material 

made, 1-22 

How her mountains have affected 
the history of Switzerland, 6— 
- 44 

Statement 

mountains of Europe and Asia 
form a unit. Africa, .Australia, 
and New Zealand are poor in 
mountains. New' Zealand moun- 
tains are as high as the Alps. 
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PortUiul C. of C. 

This lovely peek is Mount Hood, in the Cascade 
Range in Oregon. In ages long past it was a fiery 
volcano, but now glaciers cover its slopes, and it wears 


a mantle of ice and snow even when blossom time 
comes to the Hood River Valley. It is a favorite 
with mountain climbers. 


The EVERLASTING HILLS 

From Earliest Times Men Have Revered Their Mountains, 
and Have Drawn from Them Livelihood and Shelter 


LONG the western edge of the two 
great continents that make up our 
hemisphere, there marches a lon^ 
procession of mountain giants whose snowy 
heads arc close against the sky. From the 
outermost tip of Tierra del Fuego (ty^r'^ra 
dfl fwa'gol, far down toward antarctic seas, 
to the icy reaches of Northern Alaska, they 
tread upon each other’s heels, one of the 
longest mountain systems in the world. 
They affect the climate of a large part of 
our hemisphere, and deep in their flanks 
hold untold riches of ore and precious stones. 
Lightning plays about their summits, and 
from their scarred and wooded sides flow 
mighty rivers. With impartial hand they 
divide the waters of the earth’s two greatest 
oceans. They form the ridgepole c»f our 
Western world. 

Now anyone who has seen the rosy shapes 
of the Rockies retreating into the distant 
blue or gazed at the pure radiance of the 
Swiss Jungfrau (yd6ng'frou)““or “Virgin’ -- 
will not wonder that early men should have 
looked at their mountains with awe. Here 
was a god made visible. Within its ample 


folds they found shelter from the blasts. 
On its green sides they pastured their 
flocks, and from its countless rills were 
born the rivers that W'atejrcd their fields. 
Joined hand to hand those towering ma.sses 
gave a struggling nation effective protection 
against its enemies and hemmed it in to 
build up a strong national life. 

So we find that Greece, famous for her 
rich and varied arts, grew up as a group of 
tiny .separate stales, each one working out 
its own particular talent in its own green 
valley, encircled by the eternal beauty of 
its hills. And Switzerland, enthroned in the 
lofty fastnesses of some «)f the highest 
mountains in the world, has kept her in- 
dciHjndcnce among the wiirring nations of 
Kurope by steadily refusing to go down and 
give battle in the plains. Her mountains 
serve for ramparts and battleships. It is 
not by accident that mounjtain folk- - Scots, 
Welsh, Basques, and Sw|ss — are rugged, 
fearless, and full of the love of liberty. A 
life of hardshij) and of companionship with 
th^ sky has made them so. 

All this will explain why men have w6r- 
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shiped their mountains and have loved them 
as they would a dear and powerful friend. 
We understand why the simple Japanese 
peasant prays to sacred Fujiyama (foo'je- 
ya'ma), surely one of the most beautiful 
mountains in the world; and why millions 
of natives in India to-day think of the 
Himalayas (hl-rnii'- 
la-ya) as the home of 
the gods, especially 
since no man has ever 
yet scaled Mount 
Everest, the highest 
peak in that stui)en- 
dous range. We are 
not suri)rised that the 
early South American 
tribes built their 
temples high in the 
Andes to be nearer the 
sun god, source of all 
life, or that the an- 
cient . crirried 

I heir dead to the 
mountain toi)S and 
left them there in the 
eternal care of their 
sun god. 

'I’o be sufe, it is 
only lately, as history 
goes, that men have 
come to see the beauty in their mountains, as 
lately as the eighteenth century. But to-dav 
our poets and artists turn to “the hills” as 
one of their surest sources of inspiration, and 
the rest of us, who do workaday work in a 
workaday world, seek out the sublime calm 
of the mountains for rest and refreshment. 

What Is a Mountain? 

Now what are these gigantic shapes that 
preside over the destinies of men and na- 
tions? It all sounds simple enough. A 
mountain is merely any unusual elevation 
on the earth’s surface. Some mountai* "•. 
called peaks, are more or less cone-shaped; 
if they are extraordinarily slender and sharp, 
they are called needles; one more or less 
like a pyramid in shape is known as a horn. 
The Matterhorn, with a height of 14,780 feet, 
is (jne of the famous peaks of the Swiss 
Alps. But mountains are not usually so 


simple in shape as this. Instead, they are 
likely to consist of a series of varied forms, 
and are often miles in extent. Such eleva- 
tions are called ridges. The Appalachian 
(ilp'a-la'cJiI- 5 .n) Mountains of our Eastern 
United States contain a great many ridges. 

A group of mountain forms that includes 
several ridges, with 
the valleys lying be- 
tween them and ahy 
peaks that may rise 
within the group, is 
known as a mountain 
range. In the West- 
ern United Stales, for 
examjde, we have the 
Wasatch (wd'sach) 
Range, the Sierra 
Nevada (si-fir'a ne- 
va'da) Range, the 
Cascade Range, and 
the Coast Range. A 
number of mountain 
ranges taken together 
form a mountain sys- 
tem- -such as the 
Rockies - and a group 
of mountain systems 
make up a cordillera 
(kor'dil-ya'rii). Amer- 
ica has a famous cor- 
dillera, of which the Rocky Mountains are 
only a part. It includes all the chains, 
ranges, af’d peaks from northernmost Alaska 
to Cape Horn. The Andes (iin'dez) are the 
South \merican portion. 

Certain mountain forms have special 
names. As everybody knows, a valley is 
the depression between ranges of hills. A 
gorge or canyon differs from a valley in 
having sleeper sides. The crest is the top 
line of a mountain or range, while a saddle is 
an exceptionally low point in a crest. A knob 
is any rounded hill or mountain, especially 
one that stands alone. A plateau (pla-to') is 
simply a mountain or a mountain range hav- 
ing a broad top and sometimes gentler slopes. 
A level plateau that has been worn away till 
its steep sides rise sheer from the surrounding 
land surface is often called a “mesa” (ma'sa), 
especially in the Western United States. The 
wt«rd means “table.’* 


TIIK ALTITUDES OK THE Gr/)RE. 

('Phe L'lcvation at the South as luitcd by Scott, 
w.is 9,070 feet ) 

illGHEST AND LOWEST CONTINE.NTAL ALTITCIJES. 


I 


Ele- 

Conti Nh nts. ! 

HiKhest Point. 

\'ai ion 


! 

fKt ) 

North America , 

Mount McKiniev. Alaska 

! 20,300 

South America 

Mount \cuncai;ua, t hile-ArKcnlinn . 

! 22,834 

Eurotje 

M<iunt Elbrus, Caucasus 

1 IK, 465 

Asia 

.Mount Everest, India China 

1 29.141 

Afriia 

Kibo (Kilimanjaro). Tani'anyika Terr 

19.710 

Au-tralia I 

Mount kosjuisko. New South Wales 

7.12S 

Antarctua j 

|Mt. Thorvahi Nils<jn . 

15.4fX) 



Below 

C ontinfnts. 

' Lowest point 

S«*a I^-vtI 



(H ) 

North America 

Death \ alley, California 

2 SO 

South America 

'.Sea level 


Kurotic 

Caspian Sea, Russia 

K6 

Asia 

I)e.id Sea, Palestine 

1 1,2W 

\frica 

Libyan Di-cri 

1 440 

Australia .Lake Lyre, '^outh Australia 


Antarctica j 

1 

i •• • 


AppmAimaU mean rlcrahon (feel) — North Anunra, 2,000, 
South Amtrif.i, 1,K00, Kuro[H'. 9St), Asia, ^,000, Afriia, 1,900, 
.Australiii, 1,(XK), At' larcttc, 6,000 

Mount Erebu'i. an JiitarctK \okano, is H,W feil. Scvnal 
ix’ciks over H.OOO feet are tn the tuith ixtlur region. Mt 
Vorel, Gieenlaii'l, ll,S0ft leet, w.is, climbed to 10,KM) feet m 
June, I'Gl, by Andrew Slenheiison, L K Wafjer, and Surj? 
].teul IhiiKhain of the British Air Route Kxpt'dilion. 

The Klobe’s surface at the North Pole, .ircordinK to the late 
Robert E. Peary, i^ at sea level jusl Mvalcr. 
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If this beautiful and awe-inspiring mountain were in 
Switzerland, it could look down on the Jungfrau and 

On other pages we have told how moun- 
tains are made and how tliey are worr 
down hy wind and water. The |)rocess has 
iTcen at work in a great many places. Moun- 
tains, even ranges of mountains, are to be 
found on all the continents. Richard Byrd 
has recently discovered that tall peaks and 
extensive mountain chains lie all about the 
South Pole. Islands of the sea, though small 
in size, may nevertheless show many traces 
of mountain formation. Some, such as the 
Aleutians (a-lu'shan) off Alaska, many is- 
lands of the Japanese empire, and a vast 
number of those in the l''ast Indies are only 
the visible ])eaks of mountains that were 
sunk in ocean’s depths either singly or in 
chains. 

Great Mountains of North America 

Some of earth’s mightiest mountain;, 
though by no means the highest, are to be 
found in North America. They fringe the 
Pacific coast from Southern Mexico to 
Northern Alaska, a distance of more than 
three thousand miles. At their greatest 
widfli these mountain-s cover a region more 


the Matterhorn. It is Mount McKinley in Alaska, 
the highest peak in all North America. 

than a thousand miles wific. The highest 
peak in ibis vast system is Mount McKinley 
in Alaska (2o,.^oo feet). Orizaba (o're- 
sa'bii), an extinct volcano in Mexico, towers 
upward 18,096 feet; .Mcmnt Logan, in Cana- 
da, is 19,850 feet. Many peaks arc over ten 
thousand feel. Mt. Whitney, in California, 
the loftie.) mountain in the United Slates 
j)roper, is x 4,405 feel high. 

Of all the ranges in the United States the 
Sierra Xevadas, in eastern California, arc 
the highest. Between them and the Rockies, 
w’hich extend as far west as the Wasatch 
Mountains, lies a vast plateau — the Great 
Basin which stretches south into Mexico. 
It widens till it touches the sea in southern 
California and reaches into New' IVIc.xico on 
the cast. Hero in this broad upland are a 
great many doMched ranges running north 
and south. 'Fhey are called the Basin 
Ranges. 

The Aged Appalachians 

On the eastern side of our continent are 
the Appalachian Mountains, which stretch 
from Alabama northward through New 
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Photo hy Soibleman Hymlicate 

Could anything be more exhilarating than skiing in Blanc, the highest of the Alps, is in the range that 
the shadow of Mont Blanc or climbing to its summit divides France from Italy, and its 15,781 feet can be 
over the glaciers that here show so clearly? Mont ascended from both sides. 


England, Nova Scotia, and Newfoundland, 
finally to end as the Lauren tian ( 16 -r§o'- 
shl-Sn) Highlands in northern Labrador. 
The Appalachians, old and much worn down, 
range from about 2,000 to 3,000 feet in 
height, though the system boasts two con- 
siderable peaks — Mount Mitchell in North 
Carolina (6,684 feet) and Mount Washington 
in New Hampshire (6,288 feet). 

Have You Heard of Loma Tina? 

The islands of the Caribbean Sea are in 
reality only the tops of a chain of mountains 
that rise in Central America, where they 
reach an elevation of as much as 13,000 
feet. From there they sweep eastward 
toward the Atlantic Ocean. Famous Loma 
Tina (lO'ma tc'nii) in Haiti is 10,300 feel 
high. Since the island of Haiti stands at a 
spot where the ocean is 27,330 feet deep, we 
dhould properly think of Mount Loma Tina 


as having a height of 37,630 feet taller 
than any visible mountain in the world. 

The Highest Peak in the Americas 

Along the western coast of South America, 
in places rising abruptly from the shore of 
the Pacific Ocean, stretch the Andes, the 
southern part of the great American cor- 
dillera. The broadest part of the system is 
in Bolivia, where it reaches a width of some 
five hundred miles. Northward from there, 
the Andes fray out and finally reappear as 
a part of the Antillean (an'tMe'itn) chain, 
whose low peaks dot the islands of the 
Caribbean Sea. In the Andes are the highest 
l^eaks on the Western Hemisphere: Acon- 
cagua (a'k6n-ka'gwa), bctwjeen Argentina 
and Chile, 22,834 feet; Saham4 (sii-ha'ma), in 
Bolivia, 22,349 feet; and Merctedario (mer'sa- 
tha'r6-o), in Chile, 22,302 feet. All of them 
are giants. 



THE STORY OF THE EARTH 


As in North America, so also toward the 
eastern side of South America there are 
ranges of rather low mountains. The High- 
land, of Guiana (gc-an'a), which lies north 
of Venezuela, has a peak of some ii,ooo 
feet. The Brazilian Highland, in the eastern 
part of that country, reaches an elevation 
of about ten thousand feet in places. 

The mountains of Euroj)e are more com- 
plex than those of any other continent, and 
can hardly be taken alone. They form a unit 
with the mountains of Asia. There arc low 
mountains in Ireland, England, and Wales; 
and Scotland boasts a i)cak over four thou- 
sand feet in height. 'Fhc Scandinavian 
Peninsula is also mountainous; the peak 
Galdhopiggon, in the central part of Southern 
Norway, reaches a height of 8,097 But 
these are Europe’s old, worn-out mountains. 
The real mountains of Europe start in the 
south of Spain and sweep in a broad east- 
ward-moving curve as far as China. I-ying 
between France and mountainous Spain are 
the T^ieueeJ (pir'e-nez), whose greatest 
height is 11,165 Eastward are the 

Alps, lying partly in France, Switzerland, 
Ciermany, Austria, and Italy. Many of 
these peaks are among the highest and most 
picturesque in the world and certainly they 
arc the most famous. On their western 
border an arm curves southward and j)asses 
through Italy, where they are known as the 
Apennines (ap'e-ninz). This range disap 
])ears in Sicily only to rise again in Northern 
Africa as the Atlas Mountains. 'Po the east 
the Alps disappear in Austria, though the 
mountain ranges of the Balkan Peninsula that 
sweep across the islands of the Aegean 
(e-je'an) and on into Asia Minor may be 
thought of as a continuation of them. En- 
circling the broad plains of Hungary, the 
Carpathian (kar-pa'thi-an) Mountains ex- 
tend eastward into what is properly Asia, 
where one range of them is known as the 
Urals (u'nll). 'I'he Carpathians also branch 
out southeastward to the Black and ian 
seas, where they reapi)ear as the Caucasus 
(k6'ka-siis) Mountains, whose highest peak. 
Mount Elbrus (el'brdos), reaches 18,405 feel. 

The mountains of Asia, the highest and 
most extensive in the world, are so many 
and,so complex— an<l so little is known about 


them- that only the greater systems can be 
named here. The first great mountain mass 
of Asia, the Pamir (pa-mer'), called by the 
natives “the roof of the world,” is situated 
cast of Afghanistan. Three branches extend 
from it: the Tien Shan (tl-Sn' shiin'), or 
Mountains of Heaven, reach eastward into 
Mongolia; the Kuenlun (kw^n'lobn') Moun- 
tains extend into China; the Himalayas swing 
southeastward along the northern border of 
India. This is the greatest collection of 
mountains in the world, and it includes the 
world’s highest peak — Mount Everest (Sv'er- 
fist), whose mist -shrouded summit towers 
29,141 feet skyward, fn recent years several 
attempts have been made to .scale it, but 
each has been visited by some sort of disaster 
to the climbing parties. 

Most of the many islands large and small 
that dot the l\acific and Indian oceans to 
the e:ist and southeast of .Asia may be re- 
garded as visible peaks of several submerged 
ranges of mountains that arc a continuation 
of those on the mainland of Asia. Among 
these are several large islands— Borneo 
(bor'nc-o), the Philij)pines, Formosa (f6r- 
mo'sa), the Japanese Islands, Kamchatka 
(kam-chat'ka), the East Indies, and New 
Guinea (gin'I). Many of these islands have 
volcanoes, and some have peaks more than 
ten thousand feet high. 

Despite the vast extent of Africa, the con- 
tinent is jioor in mountains. Almost the 
whole » f it is a plateau. Besides the Atlas 
Mount.. ^is of the northwest, in places over 
14,000 feet high, there are only the tiny Cape 
Mouiilaiiis of South Africa and some volcanic 
cones in the cast central part of the continent. 
'Fhe highest of these arc the Ruwenzori 
(rdo'wcii-zo're) Mountains, 16,750 feet; 
Kenya tkcm'ya), 17,198 feet; and Kilimanjaro 
(kil'e-man-jaTo), the highest peak on the 
continent, with a height of 19,710 feet. 

Even in distant Australia and New Zealand 
there are mo.mtain jieaks worth noting. The 
highest in Australia is Mount Kosciusko 
(k6s'I-Qs'ko), 7,328 feet; it forms part of a 
low range in the eastern part of the continent. 
In New Zealand, on the contrary, the moun- 
tains rival the Swiss Alps in height and 
grandeur. The tallest is Mount Cook, which 
reaches 12,349 feet. 
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Reading Unit 
No. 5 

THE FIERY FURNACE UNDER OUR FEET 

\ote: For basic injormation For statistical and current fact s. 

Plot found on this pa^c, consult consult the Richards Year Book 
the f^encral Index, Vol. 15. Index. 

Interesting Facts Explained 
How thick is the earth s crust? What is a >]jeyscr? 1-32 

1—3 r How does the temperature change 

How far has man penetrated into as one goes down into a mine? 

the earth? 1-31 i-3^ 

When does a volcano erupt? i— How are geysers and volcanoes 
31 alike? i 34 

Of what does the inside of the Where are geysers found? 1—36 
earth consist? 1-32 

Things to Think About 

What difference would it make in What would happen if the pres- 
the weight of the earth if its sure of the earth's crust upon 

interior were composed of the the interior were removed? 

same substancc;s as its crust? Why docs not the earth’s crust 
How does the existence of vol- collapse? 

canoes affect geysers? 

Picture Hunt 

How does the temperature below shoot a column of water into 

the surface of the earth change the air? i 33 

at different depths? 1—32 How does a geyser work? 1-34 

How often docs “Old Faithful” 

Related Material 

How does man use the energy of 25S, 13 53 

geysers? 1—344 What plants grow in volcanic 

Which Atlantic islands were craters? 2 258 

formed by volcanoes? 6-489- What caves have been formed by 
91 volcanoes? i 86 

What has been the effect of vol- How are undergroimcl streams re- 
canoes upon history? 5—257, lated to geysers? 1-344 

Practi cttl A p pli cati o ns 

What is done to reduce the tern- How have geysers been put to 
perature in deep mines? 1-32, work? 1-344 

3 S 3 

Leisure~time Activities 
PROJECT NO. I : Make a ctoss- face, i 32 

section model or chart of the tern- I’ROJECT NO. 2 : Make a model 

peratures below the earth’s sur- or chart of a geyser, 1-34 

Summary Statement 

The hot nickel-iron interior of of rock that is very thin in com- 

the earth is covered by a crust parison with the earth’s diameter. 
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Nearly All the Earth Is Still Red-hot, and Sometimes It 
Manages to Boil Over 


0 AVE you ever carried a do/t'n cgjrs, 
home from llic grocery? If }ou iiad 
them in a jjaper hag, you look great 
[)ains nol to jar them or give them a blow, 
and when you got home you set them down 
very gently to avoid breaking them. “Thin 
as an eggshelU^ is almost a i)roverb. 

Now in proportion to ihe si/e of the whole 
earth, the crust around it on which we live 
so safely is only half as thick as an eggshell. 
For though it is probably at)out sixty miles 
deej), the great globe which it covers is about 
eight thousiind miles through — while ao egg 
is only two inches! It is true that we nave 
no way of knowing just how thick the crust 
of the earth is, for the deepest hole that we 
have ever dug is very shallow in comf)arison; 
we have never gone down quite so far as two 
mil6s, though we have come very near to 


that in an oil well in California. But scien- 
tists cjn fmd things out in a way that seems 
almost like magic to you and me. 

Perhaps you may ask what keeps so thin 
a crust from caving in. It docs tremble a 
good deal — when we have earthquakes — and 
from time to time the inside bursts through — 
as when ^^e have volcanoes. But it cannot 
cave in, because the inside is very lirm — far 
firmer than steel. The pressure of all the 
miles of rock on top keeps the interior rigid 
in .‘ipite of the fact that it is hot enough to 
moll. Who* ever a substance is heat^, it 
expands -or grows larger. But the hot mass 
inside the earth is pressed so tightly together 
that it cannot e.xpand. It has no room to 
melt, except when some small part of it can 
find a weak spot in the crust and burst forth 
as a volcano. 
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This is what man has learned from the deep pita he 
has dug into the earth. If you go below a depth of 
four or five feet, you will find that daily heat or cold 
will no longer affect the rocks. At a depth of seventy 
feet below the surface, you will find the temperature 


unaffected by the heat of summer and the cold of 
winter. Below that depth, the temperature will show 
a marked increase as you go down. Since the rate 
of increase varies, water will boil at different depths 
in different parts of the world. 


Scientists think that the solid core is made 
of metal, for when they learned how to weigh 
the earth they found that it was a great deal 
heavier than it would be if it were all made 
of the stuff we sec in the crust. Indeed, its 
actual weight is just what it would be if it 
were nearly all iron, or iron with a little 
nickel. Then, too, the waves from an earth- 
quake travel through the core at the high 
speed which they would be sure to have if 
they were traveling through nickel-iron. For 
instruments have been invented to measure- 
the speed of a quake as it travels from place 
to place; and it has been found that waves 
passing only along the loose crust go a good 
deal more slowly than those which pass 
through the metal core. 

How Scientists Prove Their Theories 

But how, you say, can we know that the 
center is hot if no one has ever been there? 

There are various ways, for scientists never 
risk a guess without a very good reason. 
One way is to take the temperature of the 
earth at different depths as far dowm as W’e 
can go. Professor Agassiz (ag'a-sc) did this 
in a deep mine and found that at 3,000 feet 
down the thermometer showed 99 degrees 
Fahrenheit (fa'rSn-hlt), but that at 3,645 
feet it stood at 107 degrees. Taking an 
average for different depths, he found that 


the temperature rose about one degree for 
every hundred feet he went down. A hun- 
dred miles down, at this rate, it would be 
over a thousand degrees. One hardly dares 
imagine the heat at the center, four thousand 
miles below the surface. 

The Telltale Teakettle 

But there are other signs that the center 
of the earth is hot. Here and there we find 
springs of hot water coming to the surface. 
Certain of them are called geysers (gi'zer), 
from an Icelandic word meaning “to gush 
out” — ^for there are two well-known hot 
springs in Iceland, the fJreat Geyser and the 
Little Geyser. The climate there is so cold 
that one is a bit surprised to find such si)rings 
of boiling water; but they boil up from far 
below the earth crust, where it is alw^ays 
hot. 

All geysers are much alike. A great well, 
or “chimney,” comes up from the inside of 
the earth and opens into a large basin on 
the surface. This is the spout. Hot water 
from the earth^s vast inner furnace comes up 
the chimney to the surface and fills the basin, 
which in the Great Geyser measures as much 
as sixty feet across. For in ita long journey 
underground the intensely hot water dis- 
solved away enough materials in the rock 
through which it flowed to make itself a basin 
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riiotu liy C. D. 4c U. Ky. 


This is <*01d Faithful/’ one of the most famous of the high into the air every sixty-five minutes. But now 
geysers of Yellowstone National Park. Its fame - its period of eruption has become irregular. People 
and its name — came from the fact that people could often have to wait a half hour more than they expected 
count upon it to shoot its dazzling fountain of water to see the great fountain in action. 
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at the top, where the minerals were deposited, hurls the water out in another — or “second- 
Water standing in the basin gradually gets ary” — explosion. By tin's time the water in 


hotter and hotter and 
finally comes to a boil. I 
It is heated from be- I 
,low by the great col- I 
umn of water which is p 
still rising, and which S 
is well above the boil- 
ing point but cannot 
burst into steam be- 
cause of the great 
weight of the water in 
the chimney and basin 
above it. Occasionally 
the w’ater down in the i 
earth gives off a gi- ^ 
gantic rumble — the ‘ 
teakettle is beginning 
to sing. At last it gets . i 
so hot that it can be 
pent up no longer. A 
little steam is formed. 
This lifts the column 
of water, causing some \ . 
of it in the basin to j 
overflow, and hence ' 
lowers the pressure all j 
the w'ay down Lhe I's' 
chimney. The water 
in the chimney — espe- 
cially in the lower 
part — is so hot that ' 
it is ready to flash into 
steam at the slightest 
release of pressure. L, 








The diagram above shows you how a geyser works. 


I the chimney is getting 
cooler, and the chim- 
ney is partly emptied. 
So the geyser rests a 
bit while the water 
flows up again and 
rises to the top of the 
basin. Then it begins 
to boil anew and the 
whole story is re-‘ 
pealed. 

One of the smaller 
geysers in Iceland is 
unusually interesting 

i because we may look 
! down its chimney and 
’ see the water boiling 
i But if we try to choke 
^ it by throwing in riib- 
bish, the water will 
I grow angry at being 

P pent up and, when 

enough steam has 
gathered, will hurl the 
rubbish sixty feel or 
so into the air. Great 
clouds of steam will 
rise with it. 

Geysers are heirs to 
volcanoes and are 
found only in places 
where volcanoes have 
been at work fairly 

^ recently. We know^ 

h the water must he 


When the release First there must be a tube or crack in the earth, which the water must he 
rnmp*i in tfiP wnv wi^ is probably crooked or slightly obstructed in some way. far rlmvn 

comes, in me wa\ wc This tube leads toward a mass of hot rock which most Vtr) lar flown 

have shown, the w^hole people believe to be uncooled lava. Ground water - in the earth, for in 

1.^,. enough to keep filling the tube as it is emptied by « i 

column m the lower eruptions — seeps in and is heated. Now if the tube ^ ellowstonc 1 ark 
part of the chimnev were short or unobstructed, the water would just there are a large num- 
^ /It-*. . bubble and boil away quietly as it docs in many boiling , . 

can liasn into steam springs. But something keeps the heat from circulat- her of geysers Close to 

at once, with a great Si '“ike, where the 

explosion. The cxplo- is kept from boiling over by the cooler water above, rocks are certainly 
riinn hiirk fViP wqtpr But if a little of this boiling water expands into steam, k . i r Hmvn 
Sion nuns me water then the whole ceihimn will be raised and some of the 

above it high into the water above will overflow. Thia relieves the pressure below the surface by 

on the water at the boiling point. It immediately turns i,i . r 

air. This empties the into steam and shoots the water column above it high Ihe coUl water from 

basin. Some of the *“*0 You will find ^metbrng of the same the lake that works 

^ , pruciple at work in your teakettle at home. . « , 

water that was blown its way into the earth. 

up falls back down the chimney, but the The most picturesque and wonderful gey- 
water below is still boiling too hard to be sers in the world arc found in Yellowstone 
confined again. With another loud report it ParK. There are no less than fifty along the 
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The Ye^ow&tone has many hot springs or pools — some 
with antics all their own. Above is ^'Handkerchief 
Pool,” which had the amusing habit of sucking down 


any bit of cloth thrown into it — and always returning 
the article some time later! How, unfortunately, it 
seems to have grown tired of the performance. 



l*huto hy Ilish Contuilmionnr (or New Zmlauil 

There is no use putting a kettle on the stove if you Nature’s own steam cooker — a hole in ground from 
live in this region I At any rate these Maori women which steam is issuing. This particular steam hole is 
are probably of ^t opinion, for they have found in New Zealand. 
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Photo by Qovt. of Now ZcwliuKt 


One of the great geyser districts of the world is in 
New Zealand. The geysers are not so spectacular as 
those of the Yellowstone, but the district is beautiful, 
none the less. It has a great number of boiling pits. 


steam fountains, and mud volcanoes; and often fan- 
tastic shapes have been built up from the deposits of 
the boiling waters. Above is Frying Pan Flat Geyser, 
in New Zealand. 


Fire Hole River alone — all of them busy 
throwing up jets of water, sometimes as high 
as 250 feet. Let us pay them a visit. Our 
guide explains that the ])urpose in setting 
aside this great natural park is to preserve 
a part of the old American wilderness, that 
it may always remain unspoiled by civiliza- 
tion. The tract is so large that we must 
spend several days in a motor if wc are to 
see it all. To say that it covers two million 
acres does not, perhaps, give much idea of 
its sixe. When we know that it is sixty-two 
miles long and fifty-four miles wide, we real- 
ize what a large park it is. There is wild 
life ever>’^'here, from gentle little animals 
that pause just long enough for us to take 
their pictures, to all kinds of big game, such 
as deer and buffalo. Bears that are so tame 
they arc a nuisance insist that w'e must be 
carrying lumps ol sugar. There are many 
accidents Ijecause people feed them by hand. 

There are numerous mineral springs, such 
as the Apollinaris (a-p6l'l-na'rls) Spring and 
the Iron Spring, w'here we may sip the waters. 
At one spot is an enormous lake of great 
depth; and in the distance are the Rockies. 
The coloring of the Yellowstone Canyon is 
an amazing sight. Its gorge is more than a 
thousand feet deep — a gigantic “V’’ that 
measures two thousand feet across at the 
top and only two hundred feet at the bottom. 


But it was the geysers that we came to 
see; and there arc plenty of them. There is 
“Old Faithful,” flinging 150 feet into the air 
a jet of boiling water 6 feet in diameter. 
The air is filled with steam, as from an 
enormous kettle. Other smaller geysers 
claim our attention, and when wc look again 
we find that Old Faithful has ceased action. 
Wc expect to see it begin at once; but our 
guide assures us that it 'will be quiet for 
more than an hour. It used to spout regu- 
larly every sixty-five minutes, but now it is 
getting lazy and is not so punctual. It is 
still a magnificent sight, ho waiver. 

Geysers arc found in various places, but it 
is in the Yellowstone, in Iceland, and in 
New^ Zealand that they arc seen at their best. 
The most powerful of all was the Black Gey- 
ser in New Zealand. It w'as first seen in 
action as recently as 1901, when it threw uj) 
such a quantity of mud and stones that its 
waters looked like ink. Sometimes it took a 
long rest, and then suddenly threw the w'atei 
to the enormous height of sixteen hundred 
feet. But this geyser did not live long; it 
was extinct by 1905. Some of the other hot 
springs in New Zealand are put to a delightful 
use. They feed open-air swimming jxiols, 
where one may bathe in the health-giving 
mineral water, which is oftenf as hot as one 
can comfortably bear. ; 
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Reading LJnit 
No. 6 


HOW THE EARTH GOT ITS CRUST 


Note: For basic information 
not found on this page, consult 
the general Index, Vol. 75. 

Interesting Facts 
What is the work f)f a geologist? 

^ 1-39 

What is a fossil? 1-39 
What is the thickness of the 
earth’s crust? i -40 
Which locks first formed on the 

Things to 

What would have happened to 
the earth if rocks had been 
heavier than metals? 

What would the earth be like if 
water had not changed the 
rocks? 


For statistical and current facts, 
consult the Richards Year Book 
Index. 

Explained 
earth? 1—40 

Why did rock form on the surface 
of the earth? 1-40 

Which were the first sedimentary 
rocks? 1-41 

Think About 

What would be the effect of re- 
mo %^ing a large area of the 
earth's crust? 

What will eventually happen to 
present-day mountains? 


Picture 

How w'ere the sentinels in the 
(Irariien of the Gods formed? 
I-3Q 

Why are the dikes made of hard 
rocks? 1-38 


Hunt 

What would you find if you dug 
sixty miles into the earth? i - 
40 

Why can some rocks bend ? 1-41 


Related Material 


How do rocks tell us the history 
of the earth? 1-18-21, 53-51. 
62, t)c;, 94, 3-1-6 
How is stone used in architecture 
and .sculpture? 11-19, 25, 98, 
375, 379, 409 

What is the result of a scarcity of 
stone in Mesopotamia? ii- 
24, 26 

Practical 

Why do the bricks of our houses 
wear away? 1-4 1 
How do we use the forces of na- 
ture to conquer rocks? 


How do rocks tell us the .story of 
glacier ? 1-60 

How’ do bacteria destroy rock? 
2-20 

How animals and plants form 
rock? I- 5 I -54 

W’^hat kind of rock do ocean floors 
cover? 1-67 

A pplications 

How do rocks indicate earth- 
quake regions? 1-81 
Where do we c:et salt? i— 44 


S a tn tnary State went 

Igneous rock means rock that came the soil and rocks we have 

was “made by fire.” It was to-day. 

earths first crust, and from it 
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Photo by U. 9 . Geological Survey 

This is the Great Dike of Colorado, which, as molten 
lava, was pushed into a crack in sedimentary beds 
which formed a sort of mould for it The sedimentary 


rock was softer and wore away, leaving the hard wall 
of igneous rock still standing. Notice the lines the 
stratified '^mould” left upon its sides. 
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ruoio by Lnion Pacifio Ry. 

^i“ *•• ’’•*“* «w«T— <h* harder layers often formina 

of sediment, piled one above the other, are gradually protective caps for those below. * 
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to by Noitlicrii Putiiic Ki 

These strange sentinels stand in the Garden of the crust hoisted the layers up until they stood right on 
Gods, in Colorado. Once upon a time they lay in end. After that, Nature carved the upreared rock 
horizontal beds. Then great movements of the earth’s into the fantastic shapes you see here. 

HOW the EARTH GOT ITS CRUST 

What We May Find if We Ever Try to Dig a Hole 
through to China 


FAMOUS poet lolls US there arc 
^‘scrnions in stones.’’ It may bo .still 
easier to find tales of adventure in 
them. I'or the elderly rocks had many an 
exciting time in the days of their youth. 
Pebbles along the seashore and stones by the 
side of the road could all tell us a great deal 
about the history of the earth. Facli of them 
is thousands — many may be millions -of 
years old; everything else we st*e in the Id 
is young beside them. Hitlden within them 
is many a thrilling tale of how the world 
grew. 

The learned men who read the fascinating 
tale are called geologists (je-oro-jist), a word 
which* comes from the Greek and means “one 


who s'udies the science of the earth. But 
the records of the rocks are open to anyone 
who will look at them. You may hold in 
your hand a stone that was made millions of 
years ago, and if >’ou are lucky you may find 
the fossil (f os 'll) of some creature which lived 
ages before man ajipeared on earth. For a 
fossil is nothing but a skeleton walled up in 
stone. But th it is another storyl It is the 
building up or the earth’s thin crust that 
interests us at the moment. 

First of all, let us see what the crust is 
made of. What is it that stands betw^een us 
and the fiery furnace into which, without it. 
we sliould all sink? The best way to find 
out is to dig a hole straight down into the 
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earth. Of course, it must be done in our how hot it may get. It is pressed down with 


imagination only. 
Really to dig it would 
cost so many millions 
of dollars that no one 
has ever tried. 

We shall have no 
trouble at the start. 
First of all comes a 
thin layer of soil. Next 
we shall find, in most 
places, a layer of sub- 
soil. In this the solid 
rock is decaying into 
bits. In one place we 
shall find gravel, in 
another sand, and in 
still another clay. If 
the bits of stone are so 
tiny as to be smaller 
than peas, we call them 
sand— or if yet more 
tin}', clay; but if they 
are somewhere be- 
tween peas and golf 
balls, we call them 
gravel. We shall find 
them even bigger — as 
large as small melons 
or larger — and then we 
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such force on every 
side that it is kept per- 
fectly rigid. 

Since the earth is 
nearly eight thousand 
miles through, its 
rocky crust is about as 
thin, in proportion, as 
a coat of rust on a 
metal door knob. The 
soil itself is much thin- 
ner still. Yet if it were 
not for the soil, what a 
barren waste our earth 
would be! 

To find out where 
this thin but precious 
layer came from, we 
must go. back to the 
very first rocks that 
were formed. The first 
shell which certain 
scientists believe hard- 
ened round the earth 
was made of igneous 
(Tg'ne-iis) rock — which 
means that it was 
“made in fire.’* Ge- 
ologists often refer to 
it as Lhli ]>rimary rock, 
‘'the first to be 
formed.” The stuff 


name them boulders. AK» llrL7 J^^±A±±M.VLM.jr A 

At last, below the sub- Geologists have divided the earth’s history into eras, ‘'the first to be 

M L 11 ^ 4.^ periods, and epochs, many of which are still further r fru.. rr 

soil, wre shall come to gui^divided. * Below is a table listing the main divi- formed. 1 he stuff 

solid rock. This has dons, md .bore i» a togram rtowing the layer, of out of which primary 
, , , sedimentary rock which are typical of each. Igneous , 

never been broken up rocks are not shown. rock was made once 

into boulders or sand Ouatornaiy existed as impurities, 

period — - — ^ - ^ 


Mesozoic 


Paleozoic 

era 


Tertiary 

period 


.eclid rock. This has do» 8 , and nboT. ia a 

, , , sedimentary rock which a 

never been broken up rocks are 

into boulders or sand Ou.t.rn«y 

or gravel. period 

Somewhere about | 

sixty miles down we Tertiary 

may expect to reach period 

the bottom of the Mesozoic 
earth*s crust. We are ^Triassic per 

not sure what we shall Permian pei 

find next, but geolo- Carbonifero 

gists believe that the Paleozoic 
material just below is Devonian jh 

so hot that if it were Ord^iS' 

free it would melt. _ . vCambrianp 

Since It has all the era iHuronlaniM 
weight of miles of rock Archeozoic [j^ehean coi 
on top of it, there is no ^ 

chance of its melting and running, no matter 


! Jurassic period 
iTriassic period 
'Permian period 

Carboniferous 


Devonian period 
Silurian period 
Ordovician period 

( Cambrian period 
Keweenawan period 
Huronian period 


fc shown. rock was made once 

existed as impurities, 
' period ’ I Pleistocene or Gla- or “slag,** in the molten 

[piiownTe^ch ’ron which was later 

Tertiary j Miocene epoch imprisoned inside the 

IK.Tpo'Sr'^ earth. Since it was 

Cretaceous period lighter than iron, it 

rose to the top of the 
‘ rp.ni»yiy»iu. Seething mass, cooled, 

J period and formed a layer of 

t pwrSd^*^^ rock. This process 

»d kept om for millions of 

lod years. Slowdy the 

earth \jras completely 
3™ incased in a coat of 

^ igneous rock. 

It is well to remem- 
ber that all the other rocks, and the soil 


Pennsylvanian 

period 

Mississippian 

period 
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as well, are children of the primary rocks. 
» The earth’s first thin crust was extremely 
hot, so hot that it must instantly have turned 
the rain to steam— like drops of water falling 
on a hot stove. But as the crust cooled, the 
water could stay on the surface. There it 
formed rivulets and channels on the slopes, 
and pools in the hollows. The surface of the 
earth at this lime was probably covered with 
materials thrown up out of volcanoes, espe- 
cially with volcanic ash. The rains and the 
resulting small streams could carry this off 
very easily, taking it down into the hollows 
and basins. 'Fherc it was formed into rock — 
the first sedimentary rock ever made. Since 
this rock is of the same material as the parent 
igneous rock, however, it is very hard, if not 
impossible, to tell one from the other. After 
the volcanic stuff had been carried away, the 
rains and streams began their attack on the 
primary rock itself. 

We must not suppose that the primary 
rocks suddenly crumbled away under the 
poundirur , ^ ^Millions of years are ncederl 
to tear down a mountain. Under the glare 
of the sun, the rocks in the daytime grow 
hot— and heated rocks expand, or swell. At 
night, when llie sun has set, they cool off 
and contract — or shrink. The constant 
swelling and shrinking, with the help of 
various chemicals in the air, slowly loosen 
some of their tiny grains, which are finally 
torn away by the wind and rain. 7Vy rub- 
bing your hand over a brick that has long 
been c-\j)osed to the weather; thousands of 


little particles will fall to the ground. The 
powerful teeth of sun and wind and rain 
have been at work, nibbling away at the 
surface of the brick. 

And Jack Frost also takes a hand. When 
the rocks are warm and swollen, the rain 
seeps into their tiny pores and does not dry 
out easily. If it freezes there, it is certain 
to crack even the firmest rock, for freezing 
water expands. Then the wind and rain fall 
upon the loosened particles and bear them 
away as sand or dust, later to form soil. 

Strangely enough, heat has much the same 
effect as frost. It expands the rocks until 
they crack and fall apart. There is a story 
that Hannibal of Carthage, when he crossed 
the Alps on his way to Italy, broke up great 
stones in his way l)y lighting fires beneath 
them. In times gone l)y, fire was sometimes 
used in mines to crack the rock. 

So u 'der the attacks of wind and rain and 
sun and frost, the solid ramparts of the 
Rockies may some day be fertile soil for fields 
of grain. You and 1 will never see it. But 
our lives are only an instant in the earth’s 
long span of years. I'hey are like the racing 
seconds that a clock ticks off. The patient 
hour hand, t raveling so slowly that we cannot 
see it move, tells out the hours for anyone 
who will take time to see. And so the little 
stream that sings its way from mountain top 
to valley is carrying off the tow'ering mass 
to empty it into the sea. But wx‘ should have 
to sla^' ' million years if we would see the 
vrork bru« ght to an end. 


Have you ever seen a 
slab of rock that would 
bend if you pressed on it 
or stood it on end? If you 
have, it was probably 
flexible sandstone, a 
fine-grained rock con- 
taining tiny scales of 
mica. A slab of flexible 
sandstone is shown in 
the picture to the right. 



Some people think that 
the sandstone will bend 
because of the bits of 
flexible mica it contains. 
Others say that it is be- 
cause the tiny grains of 
sand in the porous rock 
are interlocked — that is, 
they are connected with 
hingelike joints which 
allow the grains to move 
but not to fall apart. 


rhuto by tho NatiouiU Muaouu 
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Reading Unit 

No. 7 


THE GREAT AGE OF MOTHER EARTH 

iV o/r : For basic in fortnation F or statist hat a nd ctirrcnt farts, 

not found on this page, consult consult the Richards Year Book 

the general Index, Vol. 75. Index. 

Interesting Pacts Pxplained 
How old is the earth? 1--43 i -44 

Why is Great Salt l.ake in Utah How lar^e was Great Salt Lake 
dryinR up? 1-44 thousands of years a^o? i 44 

Where does salt come from? How much salt does Cireat Salt 

44 I-akc contain? 1-44 

What is salt? 1—44 Why does the Deail Sea contain 

How does w’ater dissolve rock? no animal life? i -44 

Things to Think About 

What will eventually happen to and more salty? 

the Dead Sea and to Great Salt Why docs the Caspian Sea remain 
Lake? the same size in spite of evapo- 

Why will the oceiin become more ration? 

Picture Hunt 

How is the salt of Great Salt How is underground salt mined? 
Lake gathered? 1—44 i 409-10 

Related Material 

Why is radium important in med- Why arc animals attracted by 
icine? g— 426 salt? 9-414 

When did life begin on the earth? How do savages gel their salt? 

3-6,9 9413 

How are rock bridges formed? How do the Bedouins get their 
1-53 salt? 9-413 

Practical A pplications 

Why is the salt in the earth nece.s- How is radium used to conquer 
sary to life? 9—413 disease? 9-426 

Summary Statement 

Scientists estimate the age of the extent to which radiunh in the 

the earth by studying the cotiling earth has changed into lead, 

rale of rock, and by measuring 
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\ (*ars since* that event. 


secrets; and if their 


guesses sometimes seem a })it far 
apart, upon one thing at least 
they all agree. Our fair green 
earth is old— yes, very old in- 
deed ! I 

, The scientists have had dif- 
ferent ways of coming at their | 
figures. One of lliem once cal- 
culated how long it took the 

earth to cool jj^.g needle is 
after she be- one of the sights of 
1, the West - one can 
came a molten that by looking at 

ball, and found the “ten-gallon” hats 
, ’ . the people are wear- 

tnat it must ingl its sky-pointing 

have taken at 

least 20,000,- that have been turned 
ooo years and ments of the earth, 
maybe a good ^ ^ 
deal longer. 

Another scien- 
tist tried to 
figure how 
long it must be 




comparison. 


X. 
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Once upon a time — way back in the Ice Age. when the 
presence of great sheets of ice gave the United States 
a much wetter climate than we have to-day— Great 
Salt Lake in Utah was ten times its present size. 
But as the climate grew drier, the lake grew smaller and 


smaller. It has no outlet, and during the ages the 
streams had brought in tons of salt. When the water 
in the lake was gradually evaporated, this salt was 
left behind in great deposits. Above, people are busily 
harvesting it to-day. 


probably only 1,000,000 years since man put 
in an appearance. How intiTcsting if we 
could have a snapshot of those first fore- 
fathers of ours! 

Scientists have even tried to calculate how 
long it must have taken to put all the salt 
in the sea. But the figures do not add much 
to the ones already given, and it may be 
more interesting to ask how the salt got 
there at all. 

Where did the salt come from? There is 
only one place where it could have been, 
and that is in the rocks. There salt is formed 
by the combination of two kinds of atoms — 
sodium (so'di-Gm) and chlorine (klo'rln). 
Then fresh water rains down from the clouds 
and sinks into the soil or trickles through 
the rocks. As it creeps along, it dissolves 
the salt away and carries it into the little 
rills that run down all the hillsides to make 
up the rivers. The rivers travel onward and 
finally find the sea. There the water on the 
surface is constantly evaporating and leaving 
its salt behind. So there the salt must stay. 
Once it has reached the sea, it can never get 
out again. The ocean must always grow 
more and more salty. 

All rivers and streams contain salt, but it 
never has a chance to gather in them, for 
they arc constantly carrying it down to dump 
it into the ocean. It is only when a body of 
water has no outlet that salt will accumulate. 
Sometimes, in such a case, the water grows 
excessively salty. This has happened in the 
Great Salt Lake of Utah, which is constantly 
losing great quantities of water by evapora- 


tion, for it is spread out over a very large 
area— some two thousand square miles — but 
has an average depth of only fifteen feet. 
This means that the brine is diluted very 
much less than it would be if the lake were 
deeper and the sun did not drink uj) the 
water so fast. So the lake gets saltier and 
saltier, and at a much quicker pactj than the 
sea. It is estimated to contain some 400,- 
000,000 tons of salt. 

But even then it is not so salty as the 
Dead Sea in Palestine, another lake that 
started with fresh waiter, but had its outlet 
cut off. Neither plants nor animals can live 
in its strong brine. It is lower than sea level, 
but it does not get its sak from sea water 
draining into it. Its fresh waters w'ere grad- 
ually turned to their present saltiness by the 
constant flowing in of salt-bearing streams 
that, instead of flowing out again to the sea, 
were licked up by the burning sun and left 
their salt behind. 

The greatest lake in the world is the 
Caspian Sea, which has an area of 170,000 
square miles and in places is over 3,000 feet 
deep. It was once a part of the ocean, but 
was locked in by the lifting up of the land. 
Its waters have become almost fresh, for it 
is constantly receiving fresh water from rivers 
and it has a large outlet to the sea. 

Such has been the work of streams! Sand, 
gravel, salt — rivers are busy carriers and 
they transport everything fhey can lay hands 
on down to the sea. ijhey have helped 
mightily to shape the ea^th into the form 
we know and love so well 
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Reading Unit 
No. 8 


A LITTLE STREAM TELLS A STORY 


Note: For basic information 
not found on this page, consult 
the general Index, Vol. 75. 

Interesting Facts 
How did the earth its water? 
1-47-48 

Why does the water in the air 
always return to the earth? i - 
48 

How did new rocks form? 1-48 
At what rate does water dissolve 
land ? I -48 

Things to 

What part did water play in the 
formation of the Grand Can- 
yon? 

\V hat vvoiild ocean water be like if 
water did not dissolve things? 


For statistical and current facts, 
consult the Richards Year Book 
Index, 

Explained 

How does sand erode the land? 
I -48-49 

How much sediment does the 
Mississippi River deposit in the 
Gulf of Mexico daily? 1-49 

How do sand and soil become 
rock? 1-49 

What is mud? i -49 

Think About 

What would happen to our oceans 
if the earth ^s crust reached the 
temperature of its interior? 

How did the formation of water 
hasten the cooling of the earth? 


Picture Hunt 

Why do the walls of the Grand What is meant by the “youth” of 

Canyon look like steps? 1-46 a stream? 1—48 

Related Material 


How much rain falls on the 
United States each year? i- 

89 

How much water is there on the 
earth? 1-363-64 
What is the importance of water 
to plant life? 2-46, 193, 197 


What was water before it formed 
on tlie earth? 1-2, 499, 13-3 
What land formations are caused 
by str* arns? 3-3 
What caii'iod the prehistoric rep- 
tiles to ilisappear? 3-48-49 


Practical A pplications 

How does water affect the soil? Why does the harbor at the 
I 47-49 mouth of a river sometimes be- 

How does water add to the beauty come unnavigable? 1-48-49 

of our surroundings? i 4 7 “49 

E ei s ure^ti me A efi viti €’s 

PROJECT NO i: Remove sedi- that have been worn smooth by 
ment from muddy water, i-49- streams. 

PROJECT NO. 2: Find stone 

Summary Statement 

When the earth’s surface was depressions in the earth’s crust, 
cool enough, pools of water Continual movement of these 
gathered, flowing into cracks and streams wears away the rock. 
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The cave men probably never thought of the beauty cities he began to adorn his courtyards and market 
of water. They only knew that it was a necessity. places with fountains. Above is the Fountain of the 
But as soon as man learned to build fine houses and Lions from the Alhambra in Spain. 


A LITTLE STREAM TELLS a STORY 

Have You Ever Talked with a Brook? Perhaps You Do Not 
Know How! Here Is One Way to Do It 

FIKRE once lived a man who could tells us ih\^ it saw us when wc took our 
hear the animals talk. He was a wise famous journey on the magic carpet back to 
old (ireek named Aesop (e's('>j)), and the begi uiing of the world. How could that 
the greatest writer of fables the world has be? We saw no stream there then, 
ever seen. In his enchanting tales the ani- “No! Hut J was part of the multitude of 
mals often speak more wLsely than their liny electric particles,” says the stream. “I 
masters; and their adventures are always lived long ))efore 1 was made into water; but 
worth listening to. If only we could make my recollection of those early times is rather 
the hills and valleys and the little rills tell hazy. I have a dim remembrance of being 
us the story of their long, eventful lives, lodgctl inside the earth, and of escaping in 
what an amazing history that would be! the form of gas. Rut my only clear impres- 
Suppose we tryl Let us play Aesop an' sion is one of tremendous heat. I could never 
command a little stream to tell us its life tell you how hot it was. Next I remember 
story. Come, let us sit down here on this being part of a gigantic cloud of steam. 
carf)et of soft grass in the shade of the ancient “At one time I would be floating high in 
elm and let the chattering brook flow by, the air as a cloud, and later would be falling 
while we listen to what it has to say. down upon the earth as rain. How hot it 

Its very first sentence is a surprise, for it was! It did not take me long to rise up and 
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float once more in the air. This went on 
and on, till I was tired of it. One thing I 
did notice was that the earth was getting 
gradually cooler. I have dim recollections 
of the formation of the earth’s crust, but it 
came about so slowly 
that I did not realize 
what was happening. 

“When it finally hard- 
ened, the solid crust 
around the earth acted 
as a shield to protect 
me from the hot center. 

This was a great ad- 
vantage, for I could now 
stay on the earth long 
enough to do some use- 
ful work; up to this time 
I had no sooner arrived 
than I was shot back 
into the air as steam. 

“I feel confused when 
I tr>' to recall those early 
times, but T remember 
quite clearly what has ^ 
happened since I be- | 
came a stream. At first 
I ran along the cracks 
on the surface of the 
earth, where I had fallen 
in raindrops. In my ^ 


Xittle drops of water, 
Little grains of sand. 
Make the mighty ocean 
And the pleasant land.’ 



I'hoto by Salt I.ake City C. of C. 


‘T can tell you I am 
proud when I hear that 
verse; T feel repaid for 
all the great patience it 
has taken to keep on 
with my work day and 
night, year after year. 
People have told me 
that I set them a very 
good example, and that 
they wish they were half 
as patient as I have 
been. Why, it took me 
thousands of years to 
make any visible im- 
pression on the earth’s 
hard surface. The par- 
ticles that T could loo.sen 
from the rocks wxtc ex- 
tremely small, and at 
tlie end of a day I had 
really nothing to show 
for my labor. Indeed, 
at the end of a whole 
year 1 .seemed to have 
accStnplished nothing at 


mnrnoT-c T manamKrl tn "When you See 1 little Stream that comes tumbling ,11 t 1 i- 

J(UrnejS 1 managed to ^own the mountain side, pushing great stones and rather dis- 

tear off tiny fragments boulders along Its path as it leaps over waterfalls heartening But when 
frnm rnrbc Vnti Kur^les in rapids, you may know that that little 1 1 1 . . u 

Irom tne rocks. Y on stream is stUl in its infancy. For streams have I look at the great rivers 

may think I was doing their periods of^youth, maturity, and old age, just and the milzhtv sea 
I f • u- f u ^ as people do. Now a stream in its old age is much , . , i T migniy sea 
tnis lor miscniel, but more sedate. You will find it flowing sluggishly which I helped to form, 

you know all the good Tbed ifnSl I am glad that I had the 

that came of it. I was a series of zigzags, or ''meanders.” But an im- patience to keep on 
making a bed in Which I petuoue torrent l^e Ae^on^^^^^^^ 

might have a permanent great work of making a 

home. Oh, yes! I knew I should be lifted up bed in which I might run, I had no tools 


into the air to form clouds again, but 1 also 
knew that I should always return as rain. 

Little Drops of Water 

“I had great ideas of forming a mighty 
ocean; and the bits of sand I was carrying 
were going to make new kinds of rock for 
the young earth’s crust. 

“You may think these ambitions too 
high for little drops of water such as I 
am made of, but I have heard it said that 


except tiny bits of sand to cut away the hard 
surface of the rock. One thing that helped 
me and gave me some encouragement was 
that I got the aid of billipns of drops of water 
from the clouds. Whe4 they fell upon my 
mountain top, they camp hurrying down into 
my stream and made mp much more power- 
ful. The crowding and pushing was so great 
after a rainstorm that I. sometimes managed 
to rip away great stones from the mountain’s 
side. 
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^^Somctimcs I could bang one against a 
hard rock, so that I shattered the stone into 
little pieces. As I rolled these along, they 
lost their rough edges and became pebbles. 
You can see how smooth I have worn them. 
Just look at them on the seashore where I 
helped to carry them long ago. 

The Mighty Mississippi 

“I can wear away the rocks only very 
slowly, but you must remember that I am 
not the only stream at work. Many of us 
empty into our big brothers, the rivers, where 
the accumulation of sand is enormous. You 
w'ill be surprised to hear that the Mississippi 
empties 7,500,000,000 cubic feel of stuff into 
the Gulf of Mexico every day. The river 
Thames, in England, carries down five million 
tons of material every year. Although you 
cannot realize what five million tons is, you 
can see that it is an enormous quantity. 

‘Teo])le call the material carried down by 
streams and rivers ‘^sediment” (sM'I-m2nl). 
You m'»3 ’ ^ interested to know where they 
get the word. Tt is from the Latin word 
which means “to sit.’* You know how sedi- 
ment sits at the bottom of w'hatever contains 
it. If you take a cupful of muddy river 
water after a severe rain, you will soon Lee 
the sediment fall and “sit” on the bottom of 
the cup. You have surely noticed that after 
a heavy rain the color of streams and rivers 
changes. This is due to sediment in them; 
it has not yet had time to sink to the bottom 
of the stream. 

The Business of a Little Stream 

“You may think I am taking life easily 
nowadays, but you are mistaken. I am still 
hard at work in my quiet w'ay. I am still 
wearing away the rocks. 1 am still carrying 
down sediment to the sea. I lay the sand 
on the bottom of the ocean, one layer care- 
fully spread on top of another. The w'eight 
of the top layers is so heavy on the sand 
below that it is pressed into rock again 


“In the sediment I am carrying down a 
certain amount of mud, "which I lay down in 
great beds on the sandstone rock. Where 
do I get the mud? I make it from the sand. 
It is merely sand ground fine. 

“I have told you that I am still working. 
As j)roof of my great patience I may say 
that I have the ambition to wear away the 
whole of this mountain on which you are 
sitting, and to spread the material at the 
bottom of the sea. Although I have this 
continual hard work to do, I am very happy 
]>Iaying in the sunshine. 

“Adventures? Yes, 1 have had more than 
my share perhaps. I once wandered in the 
world’s first sea. It was a queer place. The 
water contained almost no salt and there was 
no life of au}^ kind there. You must remem- 
ber that 1 made my first visit to the earth 
millions of years before life had appeared. 
[ watered the giant plants that were turned 
into coal. Great reptiles that have vanished 
from the earth bathed in my cool waters. 
Then the earth’s long winter came. For 
centuries I was locked up in a great sheet of 
ice, which you call a glacier (gla'shgr). 

The Little Stream’s Farewell 

“Ah, my friends! Few can equal me in 
e.Kjiericncc. 1 have bathed the warm banks 
of the Ganges in far-away India, and I have 
fallen as snow^ in the frigid north. I have 
explored every cell of the most delicate 
ilowcr«J bathed every organ of the human 
body, a.i ■ made my way into regions far 
below thv. surface of the earth. 

“It seems only yesterday that I carved 
out the Grand Canyon. You will find my 
signature on the highest mountain peaks 
and in the lowest valleys. I am forever 
working, working, w^orking. I destroy only 
to build anew. I am the little stream. I 
am eternal.” 

Millions of raindrops come dancing down 
uix)n the rippling stream and suddenly its 
clear speech '.urns to babble. 
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Reading Unit 
No. 9 


HOW PLANTS AND ANIMALS MAKE ROCK 


Note: For basic injormation 
not found on this page, consult 
the general Index, Vol. 75. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


What is chalk ? 1-51 

What animal-made rock was used 
to build the pyramids? i- 51 
What are ForaminifeiLi? i 51 


Interesting Facts Explained 

5* What are diatoms? 1-51 

rock was used What is granite? 1-52 
imids? I- 51 How is marble formed? 1-52 
ifeiLi? I 51 What is plaster of Paris? 1-54 


Things to Think About 


What rock is chiefly the remains 
of skeletons of microscopic sea 
life? 

What important building stones 
were formed by the exertion of 
pressure on the earth's crust? 


What eventually happens to .all 
the earth's rock? 

What is the source of the minerals 
in tiny plants and animals of 
the sea? 


Picture Hunt 

How do animals form rocks? i— i— 53 

52 How does n;iture carve rock? i- 

How are natural bridges formed? 54 


Related 

Who advanced certain important 
theories concerning rocks? 13- 

430-31 

How is rock carved? 12--95, ^06 
How was stone used for tools and 
weapons? 5-24, i 1-2-3 
How did the Mayans, Egyptians, 
and Romans use stone? 7-90, 
11-409, 12-94, 102, 104 


Material 

How is marble prepared for use? 
9-381 

Where did the Romans get mar- 
ble? 12-1 1 1 

Where Is marble found in the 
United States? 9 380 
How is limestone used in the 
manufacture of iron? 9 402 


Practical Applications 


How is stone used in buildings? 
9 - 375 , 379 

How are statues carved in the 
sides of mountains? 11—361, 


W’hat materials are used in stone 


sculpture? 


1 1— 19 


Summary Statement 


I'he skeletons of tiny sea plants 
and animals, accumulated during 


millions of years, make present- 
day limestone. 






THE STORY OF THE EARTH 


Much of the lime- 
stone of the world is 
formed from the 
shells of tiny crea- 
tures that live in the 
sea. Great heat and 
pressure will turn the 
limestone into mar- 
ble, the hardest and 
clearest of which be- 
comes the favorite 
material of sculptors. 



l*hiitii Metrupulitau Mumihii uf Art 


This famous marble 
^up is the work ot 
Daniel Chester 
French. It represents 
the angel of death 
appearing to the 
sculptor. With fate- 
ful touch she stays 
his hand, and his 
great work must re- 
main unfinished. 


HOW PLANTS and ANIMALS MAKE ROCK 

Tiny Creatures That Furnished the Stone for the Pyramids and 
the Marble for Many a Palace 


ID you know that every lime xou 
write on the blackboard you leave 
millions of tiny seashells there? l!y 
this time you have learned so man)' amazing 
facts about the origin of the commonest 
things around you that you ought not to be 
surprised to find that chalk is made out of 
the shells of tiny animals. These lit tie fellows 
lived and died in the sea millions of years 
before the dawn of man. 11 ut countless 
millions of them still live in the sea to-day. 

You would not be very likely to call them 
animals, for they have no heads or legs; they 
are just little specks of jelly living in shells. 
But although they are very small, they have 
quite a long name: they arc called Forami- 
nifera (fo-rirn'I-nlf'er-a). Under the micro- 
scope they arc beautiful to look at. They 
live in countless swarms near the surface of 
the water, and when they die, their ♦’ny 
shells fall to the bottom of the ocean to make 
beds of “ooze.'' When the ooze has sufTered 
the heavy pressure of the sediment deposited 
above it, it is transformed into what we call 
chalk. Under still greater pressure it is 
squeezed still more and then it turns into 


limestone. So the tiny creatures have had 
a good share in the world’s work. The pyra- 
mids of lOg) |)t were mainly built of limestone 
formed of Foraminifera so hirge that they 
can be clearly seen with the naked eye. 

In the sea are also countless millions of 
tiny plants called diatoms (dl'a-t6m). They 
are so small that we cannot see them floating 
about. I erhaps you would not even call 
them plants, for they have no roots or stems 
or leaves; they are just like little specks of 
jelly. All the same, they are alive and they 
belong to the vegetable kingdom. Each of 
the tiny things has a very hard, flinty skele- 
ton which it has made for itself out of the 
minerals In the water. When they die their 
skeletons fall to the bottom of the sea and 
after long ages are pressed together into soft, 
porous rock. Much of the limestone in the 
world was ni.i,de in the ocean from little 
plants and animals like these; and every so 
often we find hidden in it the fossils (fSs'Il), 
or skeletons, of fishes and other creatures 
that were tucked awa)' in it when it was 
made. 

Nature has employed many curious ways 



51 


THE STORY OF THE EARTH 


of making rock. When the surface of the 
earth first cooled, the layer of rock that 
hardened around it was probably 
a form of granite, the artistocrat of 


rocks. 

But it is certain that 
none of the granite that 
we find to-day was a part J 
of the earth^s first crust. ^ 
All the rock we see has ^ 
probably been made over 1 
and over many times, for % 
Mother Nature is thrifty ^ 
and nothing ever goes to 
waste. Our granite to-day 
was hardened long after the 
carth^s crust was first formed 
and long after sediments had 








Photo hy Aiiiorir-aii of Natural Ifiatory 


There is plenty of evidence to prove this. 
A layer of marble followed to the end is often 
found to blend into a layer of lime- 
^^'^^j^^stone. In such a case, the heat was 
f V not intense enough at the end 

‘ layer of limestone 

to turn it to marble. What 
j ^ was farthest away had to 
remain plain limestone. 
(SggBQliBlgllK But the geologist likes 
all the evidence he can get. 

I'ls laboratory he pro- 
cceds to heat and cool 
limestone under great 
pressure, just as we be- 
1 1 ieve it was heated and cooled 

long ago deep down in the 
, . „ earth. Ihe limestone m the 


- 1 . 1 j • .V This is one of the tiny plants we call , , \ . 

been laid dowm in the ocean, diatoms. Great layera of material have laboratory turns to marble, 

You will remember how, just as it did in the earth. 


You will remember how, as it did in the earth, 

as soon as the hrst water with other sediment imd piled up be- Then the geologist makes 
began to flow on the surface ta “ne ^^*'1 another test. He puts a 

of the earth, it started to month one of these creatures ejm have piece of limestone in acid; it 
wear down the high places. «* many as a million oflfsprmgl hubbies and gives off a gas. 

The sand it ate away from them was spread Then he puts a piece of marble in the acid, 


on the floor of the 
early oceans, layer | 

upon layer, thou- | 

sands of feet deep, | 

and eventually was | 

turned to rock again I 

to form other high | 

places or mountains, i . J 

Many of the lower 1 : i • 

layers of this kind of 1 

rock had millions of I 

tons of rock formed 4 

on top of them. The t 

pressure of such a 
weight may raise the 
temperature of the 
lowest layers far 
above the melting 
point. Then a very 

interesting thing Photo by Amoricao Munrnm of Na< 

may happen. Under ludioiuia ue tiny ona.c .1 

the enormous heat ^ 

, , lali down to tho oottom of ^ 

and pressure the materials, fonn great beds < 

Umestone may turn 
into the most beau- 
tiful rock in the world. It may change to 
nothing less than gleaming marble! 




and it gives off the 
same gas. So we 
know they arc 


Photo by Amoricao Munonm of Natural iliatory 

Radiolaria are tiny one-celled animals that build them- 
selves flinty skeletons. When they die, these skeletons 
faU down to the bottom of the see end, mixed with other 
materUds, form great beds of a deposit called Radiolarian 
ooze. There are many kinds of these tiny animals; one 
kind is shown shove. 


What a tale it is - 
of totluring heat, of 
grinding, crunching, 
splintering rock, of 
writhing and twist- 
ing and upheaval I 
And the result of all 
the commotion is the 
strong and stately 
granite out of which 
we put up buildings 
made to last for cen- 
turies, and the ex- 
quisite marble out of 

which we cut our 

j History tincst works of art. 

. animals that build them- If it were not for all 
the heat and com- 
I depoeit called Radiolarian motlpn, we should 
have nothing but 
sandstone and lime- 
stone — ^with a handful of little shells thrown 
in here and there. 
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This is the Natural Bridge, in Virginia. Bridges like by bit it began to enlarge the crack and eat under the 

this are usually formed in limestone, a rock easily bridge. Finally it formed another waterfall behind the 

^om away by water. A stream may once have flowed first one. Then the falls worked back, tearing down 

over the edge of the bridge in a waterfall. Then, the rocks over which they fell and leaving the bridge 

perhaps, the stream found a crack, or **joint,*’ in the far in front of them. But this is only one way in which 

rock a little way back from the edge of the fall. Bit these bndges may have been formed. 
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But there are other and humbler rocks 
that can also tell a taJc worth listening to. 
For instance, there is sober slate — red, jjurple, 
green, gray, or blue — which may, by chance, 
have mica in it and so shine with a soft 
luster. The tiniest particles of sand and clay 
went into its making, all laid down smoothly 
by the busy streams in la^’ers on the floor 
of the ocean. As layer upon layer piled uj>, 
those at the bottom were pressed into thin 
layers of shale. But after ages of heavy 
pressure, they finally turned into slate, taking 
their differing colors from the various com- 
pounds of iron in them. 

What Is Plaster of Paris? 

There is a snowy substance, much like 
marble, which we know as alabaster (iil'a- 
bas'ter). Tt is also known as gypsum (jip'- 
siim), a substance from which tlic familiar 
plaster of Paris is made. And gypsum is a 
deposit of a simple material called sulphate 
(sul'fat) of lime. It is found in inland lakes 
and in large quantities in the Dead Sea, and 
sometimes as thick beds of rock. 

One of the humblest of all the rocks is the 
kind we call conglomerate (kon-glGm'Cr-at) — 


or ‘‘piiddingslone. ” It is a kind of rock hash, 
made of any sort of gravel and pebbles ce- 
mented together by a paste or clay or a 
natural mortar of sand and lime. You may 
.see it everywhere. It is Nature’s way of 
using odds and ends. 

Our Ever-changing Earth 

There are many other kinds of rock. Some 
were formed by heating, some by the harden- 
ing of sediment, some by plants and animals, 
and others by chemical action. But all of 
them are made in some wa>' from the original 
rocks formed when the earth was young. 
To-day, to-morrow, and forever the j)rocess 
goes on. While you read these words, mil- 
lions of tiny animals are falling to the bottom 
of the sea; their shells will one day form a 
layer of limestone. Tons of sand were spread 
to-day upon the ocean’s floor; one day they 
wall become part of another layer of rock. 
Deep dow’n in the earth an unborn mountain 
may have risen an inch or so. Yonder hill 
has been worn away a])oul a hair’s breadth. 
Behind the veil of time, jnountains rise and 
fall and ocean beds turn to green and fertile 
valleys. .\Tid the old earth spins on. 


This is the Old 
Weather Prophet 
stone. Crowned with 
fir trees, it stands 
near Hopewell, 
Albert County, New 
Brunswick. 



i’hoto liy Caiiacliau Pitcitic Uy 


Nature is an original 
sculptor, and turns 
out many interesting 
carvings. This par- 
ticular monument 
was made by her 
greatest of workmen, 
the sea. 
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Reading Unit 
No. 10 


THE WORK OF THE BUSY CORAI. 

Note: For basic injormation For statistical and current jacts^ 

not found on this page^ consult consult the Richards Year Book 
the general Index, VoL 15. Index, 

Interesting Pacts Explained 

What kind of island has 110 stone? What is an atoll? 1-57 
I Sh Where is coral absent? 1-57 

What tiny plant builds islands? Which is the largest coral-con- 
i' 5^ structed area on the earth’s 

W’hat very tiny animal builds surface? 1-57 

islands? i 56 How far down does coral begin to 

Where do corals live? i 56 grow? 1-56 

Things to Think About 

What difference would there be in the formation of a coral island? 

the earth to-day if there were Why are corals called animals? 
no coral? How does coral help us know the 

How do certain plants help coral history of the surface of the 

to build islands? earth? 

How long a time is required for 

Picture Hunt 

Of what use are the tentacles in Describe the different coral 

certain corals? 1-56 shapes, i 57, 3 loi 

ReUited Material 

How the coral polyp makes lime- cok,: to protect itself? 3-153 

stone, 3 97-99 The dii^fcnt kinds of coral, 3- 

How have corals affected the 100 

geography <jf the earth? 3 - Which coral islands are the 
98-100 farthest ncuth from the 

What docs the sea do to corals? equator? 3-99 

3-100 What other living things help 

The atolls, 5-520, 526, 529 corals build islands? 3-99- 

How does the largest clam found 100 

on the Great Barrier reef use 

Practical Applications 

What coral is used to make neck- Hi>w do cora^., give us new rock? 
laces? 3--102 3 "99 

S u ni m ary S tate ment 

riny >ea animals called ct>rals, leefs by leaving their chalky 
wdlli the aid i^f minute plants skeletons, one upon another, on 
called nulliporcs, form limestone lc»p of undersea rocks. 
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Photo hy Aiiioneoo Mumuid of Natural Hiatory 

These flowerlike members of t coni colony will sdd for their psrts sre mostly soft. But their brilliant 

little to the herd material of the reef when they die, tenUcles add much to the beauty of coral pools. 


The WORK of the BUSY CORAL ‘ 

Little Mites That Can Make a Necklace or Build 
Up the State of Florida 

UT in the middle of the ocean there The tiny blob of jelly is a living creature, 
are certain islands where you cannot with a mouth, a stomach, and a fringe of 
find a bit of stone. They are made arms which are called tentacles (t6n'ta-k'l). 
by tiny animals and by algae (ill'jS), a kind Billions ujion billions of these creatures 
of tiny plant. The animals are the famous live in the warm seas. Wlicn they die, their 

little coral polyps, and the algae are called little skeletons may join to build up a reef 
“nullipores” (nul'I-por). or island in the ocean. 

The coral polyp (pOl'ip) is very small, and But they could hardly build a reef or island 
looks like a bit of jelly, but inside its trans- that would stand without the help of the 
parent body there is a hard, chalky skeleton, nullipores. These plants sedrete lime, mak- 
It lives in tropical seas, forming vast colonies ing a much firmer deposit of it than the 
in the warm water near the surface. Sun corals do. The nullipores are found in great 
and air mean death to its frail body, and yet numbers in the regions of breaking waves; 
it can hardly live more than 250 feet beneath and probably no coral growth could stand 
the surface of the water. Its world is as against the beating of the surf without the 
wide as the tropical ocean, but very shallow, added strength that comes from the covering 
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Photo I •• «i MuKouia of NiituriU lliatury 

Here are some of the beautiful corals which help to 
build the coral reefs of to-day. Since these animals 
can live only in the warm shallow seas, their fossil 
ancestors are very useful to geologists in finding out 
what past ages were like. When, for instance, coral 

of lime which the nullipores deposit on the 
coral lime itself. 

The proportion of nullipores in a r(rf will 
vary greatly. In the Indian Ocean they ma\' 
form only a veneer around the coral; in the 
Atlantic, as at the Cape Verde Islands, they 
may do the whole work of building reefs, 
without any help from corals. But how' is 
it that great coral reefs and islands can be 
built by these tiny forms of life? 

In the tropical seas there are numerous 
shoals. Some of these will be just a little 
too deep for coral growth. But very slowly 
these shoals, far out from the land, are being 
built up by the bones of animals that sink 
down on them, by volcanic dust, and by 
other deposits, \\lien a shoal gets up to 
about 250 feet below the surface, in . me 
place where the w'atcr is very clear the reef 
corals may start growing. The lirst of these 
die and leave their skeletons as a foundation 
for the next ones to build on. All the while 


remains are found in ancient limestone in the northern 
part of the United States, then we may be sure that 
those regions once had a milder climate than they 
have to-day, and were covered by a shallow sea. 
Otherwise no corals could have grown there. 

a mount of coral is thus growdng on the shoal, 
and in a few thousand years it may get to 
the surface, peei)ing out as a coral island, 
where living things may find a home. 

There are many such fonuations in the 
southeri' seas. In the Pacific Ocean a good 
many of them have been shaped into what 
we call '‘atolls” (a-tol'). An atoll is a ring- 
shaped reef encircling a kigoon or lake. Tn 
the days of sailing sliips, these reefs served 
as harbors during storms. Coral is not found 
on the west coast of America or of Africa, 
but it is very plentiful in the Central Pacific, 
the Red Sea, and in the Indies. 

One cannot imagine w hat countless billions 
of coral polyps w'cnt to build the Great 
Barrier Reef which lies off the east coast of 
Australia. 1 1 is i ,250 miles long and at places 
ninety miles wide; and it covers as much area 
as do certain powerful nations. But much 
nearer home, our own state of Florida was 
built largely by the patient labor of corals. 
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Reading Unit 
No. 11 


WINTER FOR THOUSANDS OF YEARS 


Note: For basic information For statistical and cur rent facts, 

not found on this paf^e, consult consult the Richards Year Book 
the general Index, Vol. Index. 

Interesting Facts Explained 


liow may an avalanche lie-in ? 

I ~6o 

What makes a glacier flow like a 
river? 1-59-60 

How did round boulders gel their 
shape? 1-60 

What did the glacier do to the 
Filings to 

What do scientists believe was 
the cause of the Fee Age? 

How are icebergs related to 
glaciers? 

If another Ice Age occurred, 

Picture 

What part of North America was 
covered by ice? 1-61 

How is a pothole formed? i 62 


rivers of Central North 
America? 1-60 

When were many of the lakes of 
America formed? i-Oi 
Where does the Ice Age still exist 
to-day? I -61 

F hink A hout 

where would living things go to 
survive? 

\\’hy would an Ice Age to-day be 
more destructive than in the 
past ? 

Hunt 

What may a glacier carry along 
with it? 16^^ 


Related M aterial 


What is the effect of the glacier 
upon Alaska? 1—197 
What were some of the forms of* 
life during the glacial epoch? 

3-64 

What is glacial soil? 1-97 
How did the Ice Age affect the 


eastern shore of the Hal'fic? 
6 4O0 

How did the Ice Age change the 
surface of Scandinavia? 6 

371 

Where are the highest glaciers to 
be found? 13 517 


Practi cal Appli cati o ns 

How is shipping protected against How do wr irat e the original 
floating portions of glaciers? source of non-native rock and 

1—64 soil? I -59-63 


Leisure^time Activities 


PROJECT NO. i: Find out if 
there is a glacial drift in your 
neighborhood, 1-6^. 

PROJECT NO. 2': Find out if 


there are any glacial scratches on 
rocks in your neighborhood, i- 

^3. 


Summary 

Thousands of years ago. North- 
ern Europe and North America 
were covered by a huge moving 


Statement 

ice sheet which made great 
changes in the surface of the 
earth covered by the ice. 






THE STORY OF THE EARTH 



i i'uc'llio Rftllnuv 

In certain parts of the world the Ice Age is still going the sea. There vast chunks of it break away with a 
on. Here is a great Alaskan glacier that gives birth thunderous roar, and float away on the ocean current 
to icebergs at the point where its white mass reaches to perish in warmer waters. 

WINTER for THOUSANDS of YEARS 

When the Ice Buried the Mountains and Flowed in Vast 
Streams over the Land 


UPPOSR a great field of ice should 
come creeping dovMi upon us from 
the north until hills and valleys, for- 
ests, farms, and busy Uiwns weie as com- 
ph'tely buried as if sunk beneath a fro/.en 
Sea. If we wanted to keep ali\'e, we should 
have to ilee to the Tropics — and even there 
we should not find it very warm. ^'eL this 
is just what ha]>pened once ujion a time- - and 
fairly recently in the earth’s history, though 
long enough before our own day. 

J'"or the people of that frigid era life must 
have been a bitter struggle, d'o be sure, the 
ice came <lown on them very slowly; but all 
over our part of the earth the climate grew 
so cold that they must have had a hanl time 
finding food and keeping warm. Certain 
kinds of animals died out altogether. Of 
course the earth of that day was a vast wild- 
erness, w'ithout farms or cities, so the deadly 
ice could not destroy so much as it could 
to-day. But it was bad enough; it co' Ted 
all the northern part of North America and 
of Euro])C. 

We call that long winter the Ice Age, or 
Olacial (gla'.shrd) Age. Its length we do not 
know, nor its cause either, but we do know 
it must have lasted thousands of years. 


When in 1H40 Louis Agassiz (loo'f ag'a-se), a 
famous .Swi'js scientist, sjiid that there had 
been an Age of Ice, many peoi)le lauglied at 
the i<lea. 'fo-day we are sure that he was 
right, for we can see where the ice left its 
signature in many wa>'s. And although it is 
thousands of jears since the Age of Ice, its 
story has come down to us more clearly, 
written on the face of the earth, than the 
story * f many a tribe and nation that lived 
farmoj^ recently. 

The gigantic sheets of ice that crept over 
the cartli < luring the Ice .\ge are called “gla- 
ciers” (gla'shOr). At the start they were 
made of snow. But snow- will turn to ice 
when under heavy pressure. As the deep 
mountain valleys filled with snow', the weight 
of the drifts above and behind pressed with 
such enormous force on the snow" below that 
the lower layers w'ere changed into huge 
masses of ice — sometimes as deep as a moun- 
tain is high. 

Now" wc think of ice as very hard — almost 
like stone. But in reality it yields to pressure 
fairly rea<lily, as 3*ou may notice if you ever 
leave a heavy pan or pail sitting on a cake 
of ice — even though the ice and the pail are 
both far below the freezing point. As a re- 
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suit, ice will seem to flow when it is put under 
very heavy pressure, though it moves very, 
very slowly. It is in glaciers that ice may 
be seen “flowing” on the largest scale, for 
the lower part of the glacier will flow forward 
under the enormous pressure of the ice and 
snow on top. This is going on all the while 
in the glaciers of Switzerland and Greenland. 
If it were not for this “flowing,” the ice on 
mountain tops where it is never warm enough 
to melt would pile up higher and higher until 
it would break off in vast masses by its own 
weight and come crashing down into the 
valleys in death-dealing avalanches. 

The Glacier’s Signature 

As the glaciers of the Ice Age crept down 
the mountain sides and flowed over the 
valleys, they gathered up stones and frozen 
soil to carry along with them. The stones 
carried at the bottom of the glacier were 
rounded and polished as the mass of ice 
above rubbed them over the earth and stone 


soil and the smooth round stones that we 
find in many places were brought there from 
very different homes. They certainly look 
like strangers; they are quite unlike the rest 
of the soil and the bed rock where we find 
them now ; and they arc so smooth and round 
that something must have been polishing 
them. Also the bed rock underneath them 
has been ground and scratched, showing that 
something very heavy has passed over it. 
Now if w'c are clever enough to follow the 
scratches mile after mile over hill and dale, 
we shall alw^ays come lo a place where the 
original rock is the same as that in tlic 
smooth round stones we saw so far away. 
7'hat is where the glacier picked them up. 

Many of us have seen huge rounded stones 
lying in such i)erfect balance that we can 
rock them back and forth with our hands. 
These were rounded and left behind by the 
glacier long ago. Often we find them on the 
tops of mountains, where the mass of ice 
that carried them must have been five or six 


l)encath; and in the stone they left scratches thousaiid feet deep. 

that we can often see to-day, all pointing None of us would know a map of North 
the way the glacier was going. All of us America as it looked before the Tcc Age. 
who live as far north as New York have seen Many of the rivers flowed in an op[)osite 
these signatures of the glacier The great boulder these direction from Iheir present 
though we may not have known JgISfst scT^omfortaWy*^^^ course. The great Mississippi was 
what they were. Finally the long “rocking stene” in Bronx pushed back and forth, and some 
cold period ended. The masses S?OTpe?t^ro*by a glacTer* 1^^ smaller rivCTs that usc<l to 
of ice slowly melted; and tlie Mississipiii turmxl 

stones and soil they had gathered to and fro ^th a push of the around and joined the St. Laws- 


on their w’ay were dropped hit or 
miss upon the ground. 

For a long time men could 
not read the sig 
natures of the 
glaciers 
and the 
roman 
tic story 
they tell. 

But now 
we know 
how the 
foreign 



rcnce. All the rivers that now 
flow^ into the Ohio above Cincin- 
nati used to flow into a river 
where Lake Eric lies to-day. 
The glacier took ajKirt old 
river s\'slcms and put new 
ones together, such as the 
Missouri. Niagara Falls is a 
recent addition to the map, 
A being only about thirty thou- 
and years of age; and the 
Creat Lakes oow lie in old 
river valleys thht were blocked 




rholo by N. Y. Zoologlool litociuty 
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up by soil and rock which the glacier left. 
All over the region the masses of ice deepened 
canyons, shaved the crowns of mountains, 
and carried billions of tons of soil from place 
to place. 

As a direct result of this uneven dumping 
of sand and rocks, thousands of lakes were 
bom where none had been before. Some of 
them vanished with the ______ 

ice, for they depended on ' / 

the walls of the glacier to . ' V : 

dam up the water. But ' ^ 

many of them are still 

there, with walls made 

mostly of the rock and 

soil left by the ice. The ^ 

famous Finger Lakes in 

New York State were / 

made from rivers that ( / '♦ * \ 

the glacier dimmed; and [ .1 ; - ' 

Lake Winnipeg is all that ^ / 

now remains of a great ju 

sheet of water, larger / 

than oui pte:',ent Great / 

Lakes put together, ( \ 

which once covered por- 

tions of Minnesota, 

North Dakota, and 

Manitoba, and wdiich is logu-isu 


Sjtf 


the ice to form in vast masses. But no one 
really knows. It is possible enough that the 
Ice Age had a number of causes, all working 
together. 

There is a trace of the Ice Age in the world 
to-day, though we do not usually think of it 
in that way. The North and South Poles 
are covered with ice, and in Greenland there 
— ~ ^ m is hardly anything but 

: ; ; ■ ice to be seen. In the 

\ Alps there are nearly two 

thousand small glaciers, 
from a mile to over ten 
i miles long and some miles 

wide. It was in the Alps 
^ Agassiz made the 

I great discoveries that led 

form his theory 
foe Age. He saw 
although a glacier 
/ Hows very slowdy it gets 

( along fast enough to let 

^ sec that it has up- 

rooted trees and piled up 
f 'J - ^ ^ ’ more and more rock and 
/- — , soil in front of it. He 

t found a mountain hut 

^ ?" changing its position be- 

cause it was riding along 
Iters. As you can see, with the ice, and by it he 


r 1 « T 1 This map shows how the great ice sheets spread • 11 •. 1 

now referred to as Lake from their three main centers. As you can see, W'ith the ICC, and by it he 

Agassiz. For to that vast JJ® ‘S® ®f™® enough to cover all of measured the speed of 

pond of the earlier days of Ohio, Indiana, and Illinois. West of the the glacier as it crept 

wf' have now fitlv ffiven Mississippi the ice covered the northern half alonp From these thinf»s 
W( nave now IU1> given of Missouri, eastern Nebraska, ths^ eastern half aiong-/ rom mesc inings 

the name of the great of South Dakota, and almost all o( North Da- he divined that there had 

man who brought forth , ^Sl5%iltan?e* wuth rf* tt.' cliStoJ been ^cat glaciers of old, 
the theory of the Ice Age. border, if you live within this territory, watch and in this way he cx- 
0^1 landmarks loft behind by the glaciers. 1 

There are many plained a great deal about 


guesses as to why the Ice Age came about, 
but all of them arc very far from certain. 

What Caused the Ice Age? 

Some of the astronomers think it may have 
come from a change in the earth s orbit 
around the sun. Such changes do occur, 


ma oy me g««c«. plained a great deal about 
the face of Northern Europe and America 
to-day. 

The three great “central stations” from 
which the glaciers seem to li«avc started down 
over our continent are called the “Cordillc- 
ran fkor'dil-yri'riin) Center,” the “Keewatin 
(kc wa'tTn) Center,” and the “Labrador 


they say, though they are millions of years 
apart. And it is true that the earth has 
passed through various ice ages; we can find 
traces of them, though many of their marks 
have been wiixid out by the vast changes 
since their time. Other scientists say that a 
change in the atmosphere or a great rise of 
the land in certain regions may have caused 


Center.” Our Icc Age map shows the way 
the ice traveled from each of these centers, 
and how far it came down the sides of the 
^vorld. It came well down into the United 
States, and into Germany and Russia, for 
our own little mountain glaciers to-day are 
not to be compared with it for size. Though 
it did not cover the globe, it must have made 





Photo by N. Y. ButAoicfil Huviety 

*Totlioles” like these ere sometimes formed in the well-like chsnnel in the ice and then begins to whirl 
rock beneath a glacier when a surface stream cuts a around. It bores a hole much as a corkscrew would. 
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gets its balance and comes to rest. Then it 
stands up in its majesty and floats off down 
the ocean, borne along by winds and cur- 
rents to its death in southern latitudes. The 
greater part of it lies under water, and only 
a rather small fraction — perhaps an eighth 
or ninth — will show above the waves. So an 
iceberg standing 300 feet above the water 
must go down some 2,000 feet below the 
surface. 

Iceberg.s are made of fresh water, since 
they come from inland ghicicrs which are 
so huge that they keep pushing into the sea. 
For glaciers are always on the move. One of 
the largest and best-known is the ^Vfuir 
Glacier of Alaska. It stands at the head of 
a large inland basin and covers an area of 
350 square miles. It ends in an ice cliff 250 
feet high, from which great icebergs break off. 

Icebergs drift into the ocean, where certain 
of them—especially those from Greenland— 
are a great danger to shipjang. As soon as 
they are seen at sea, they are rcfK)rted by 
wireless, for the warning of other vessels. 
There are several ways to detect distant 
icebergs. One of the most ingenious is based 
on a discovery made a hundred years ago. 
If two different kinds of metal are joined 
together and the point where they meet is 
cooled, an electric current will be set up. 
Now an iceberg cools the water all around 
it for a good way. So as soon as our sensi- 
tive device gets into water of a lower tem- 
perature, an electric current is started which 
switches on another current that lights a red 
lamp and rings a shrill bell. Doubtless radar 
will be one of our hiest iceberg detectors. 

On Sunday night, April 14, 1912, the great 




liner “Titanic,” then the largest steamship 
afloat, ran into a great iceberg on her first, 
or “maiden,” voyage from England to 
America. At first it was thought that little 
damage had been done, but later the distress 
signal, called the “S.O.S.,” was sent out. 
Very soon another liner replied that she was 
hastening to the rescue, and in all eleven 
ships set off to give help. It seemed that 
the first one would arrive in time to take off 
all the passengers. Even when the order 
came for all persons to put on life belts and 
report on deck, the danger was not realized; 
the passengers believed they would .soon be 
back in their cabins. But the damage was 
very serious. The iceberg had ripped off 
great steel plates from the vessel’s side and 
she was rapidly filling with water. When 
the women and children were put into the 
lifeboats, ever\"onc knew it was impossible 
to take all the passengers; many had to re- 
main on the ill-fated vessel. She went down 
in the middle of the night. 1'he rescuing 
liner arrived after the “Titanic” had sunk 
and lacked up the peo[)le in the lifeboats or 
in the water. There had been over 2,300 on 
board, but only some 700 were savxd. 

And where do icebergs go? I'hey melt in 
the sea or run aground on some shore, such 
as the Newfoundland Banks. Those great 
shallows are six hundred milc5 long and two 
hundred miles wide. The place is a grave- 
yard for icebergs, w’hich add, in their turn, 
to the deposit, for they often carry stones 
and soil with them. But sometimes they 
float as far as two thousand miles before 
they melt and droj^ their burden in warmer 
waters. 


This explorer is taking 
soundings in the South 
Polar regions to find the 
sea’s depth and bring up 
samples of material from 
the ocean floor. He can 
also take the ocean’s 
temperature at different 
depths. 



Soundings may tell the 
scientist many things — 
whether, for instance, he 
is in a continental, or 
land, area or whether he 
is standing on the frozen 
waters of a ^eat ocean 
basin, perhm one of 
great djppth. 


Fboio by )l«rh«r1 U Pbotins from the 
"Greet While Muuti " 


64 



The STORY of the EARTH 


Reading Unit 
No. 12 


WHAT THE OCEAN HIDES 


Note: For basic information For statistical and current facts ^ 

not found on this pagc^ consult consult the Richards Year Book 
the general Index, Vol. 15. Index. 

Interesting Pacts Explained 

What 5 s the average depth of the What is a diving bell? 1-67 
ocean? 1—66 How far can man descend into 

What effect have the different the ocean? 1—67 

seasons upon the ocean deep? What do we find on the ocean 
1-66 floor? 1-67 

How great is the water pressure What rivers flow through the 
one mile beneath the surface ocean? 1—67 

x)f the ocean? i- 66-67 

Things to Think About 

Why do .scientists believe that the Explain how it is that, although 

hardest rock is under the deep- the oceans average two and a 

esl water? half miles in depth, wc may 

Why can fish live at great depths nevertheless say: ‘‘'I'he oceans 

in the ocean without being are like a film of water on a 

crushed? fiiotball.'^ 


How can deep-water fish see in 
the total darkne.ss of the 
ocean’s depths? i 67 

Related 

What .sea animals give us gems? 
3-162 

What depths have been reached 
in the ocean? 

How are sponges gathered? 3- 

How may a diver increase the 
time during which he can hold 
his breath? 2 341 

E eisure-ti me 

PROJKC" T NO. I : Make a chart 
comparing tne water and land 
areas of the earth, i 66. 

PROJECT NO. 2 : Make aefu. t 

Summary 

The oceans and other bodies 
of water cover almost three- 
fourths of the earth’s surface to 


' Hunt 

How much of the earth’s surface 
is covered by water? 1—66 

Material 

What irinds of diving apparatus 
are n* i.'^e to-day? 10—521-26 
Where di » we find volcanoes under 
the sea? 176 

How are soundings of the ocean 
taken? 1-64 

Why has the ocean been the high- 
way of civilization? 10—163 

A ctivities 

showing the relative sizes of the 
earth's important bodies of water, 
1-66. 

Statement 

an average depth of two and a 
half miles. 
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WHAT ^/le OCEAN HIDES 

Some of the Strange Things We Should Find if We Could Get 
Near the Bottom of the Sea 


MAGTXE the surprise of an African 
native who has always lived inland 
when he suddenly secs the ocean for 
the first time. Some of these sim])le souls 
were very much alarmed when they started 
out for Europe at the time of World War*!; 
they did not like the idea of going out of 
sight of land, and begged to be taken back. 
1‘he captain assured them that they would 
reach land the following day at a certain 
hour, and since it happened as he had proph- 
esied, they grew' confident that he knew what 
he w'as about. But the exfierience was a 
trying one. 

Even the most traveled of us find it diffi- 
cult to realize the size of the sea. It covers 
nearly three-quarters of the earth. It varies 
greatly in depth, but on the average is about 
2 }^ miles to the bottom. To us this seems 
quite deep enough, but in comparison with 
the vast size of the globe the sea is only a 
very thin layer. If we dipped a football in 
water and took it out again the film of water 
that would cling to it w'ould be about like 
the film of (Kean on the surface of the earth. 


We have lo compare eight thousand miles 
of earth with only tWT> miles of water the 
depth we should have if the ocean were 
.spread evenly over the wholeof the globe. 

1’hree hundnxl years ago a famous navi- 
gator thought he had found the dcjepcst jiart 
of the ocean when he took a sounding at 
two hundred fathoms, or twelve hundred 
feet. But now we have found a depth of 
five miles in the Atlantic Ocean and mon* 
than six mill's in the Pacific, near the Idiilip- 
pine Islands. Eor the Pacific is the deepest 
of all oceans; its average is miles. 

From the surface of the water we cannot 
see the floor of the sea because the light 
cannot reach so far. Although no one has 
ever been down lo the bottom, w'C are sure 
that it is absolutely dark there. Below a 
depth of six hundred feet, the seasons have 
no effect. There is neither spring nor au- 
tumn; all is winter. This is true even in the 
warm Tropics; the water at the bottom of 
the ocean is icy cold. In those depths the 
surface waves have no effect. Everything 
is still, except for the motion due to currents 
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that arc always present; but the motion is 
•a slow one. A terrific pressure from the 
water up above rests upon the lowest depths. 
One mile down, the weight is about a ton to 
the square inch, and at six miles it is six tons. 

The atmosj)here presses u[)on everything 
with a weight of fifteen pounds to the square 
inch, but it does no harm to even a fragile 
object that has air within it, for the air 
within is pressing outw’ard with an equal 
force. For the siime reason scjinc fishes can 
live in deep water because their bodies hold 
water of the same tremendous pressure; but 
a man wall feel the weight . He has never 
been able to go dow-n more than 1,420 feet, 
even in a diving bell — a hollow' ball or bell- 
shaped comjiarlment made of cast iron or 
steel. 

A Peep at the Floor of the Sea 

'fhe lloor of the sea in shallow water is 
chieJly made of saiul and mud which have 
been brought flown by rivers. In deeper 
w’ater mv niid “oo/e/’ which is formed of 
the shells cast off by jilaiUs anfl animals too 
tiny to be seen with the nak^’d eye. In very 
dee]) parts of the ocean we do not find much 
oo/e, but chielly a red clay. Below all this 
is the solid rock which forms the crust of the 
earth; and many scientists believe that in 
deej) water this is the oldest of all r(H'k, on 
wliich very little sediment has been built up. 
It wouhl be j)art of the earth’s first crust. 

You may have heanl of the vo\age of llie 
“Challenger” a scientific trip 

which ilhl mucli to I’liid out what the lloor 
of the ocean was likt*. In a singh* haul from 


the bottom of the ocean there came up some- 
times as many as a thousand sharks’ teeth 
and sixty ear bones of whales, showing what 
an enormous number of such animals there 
must have been during the earth’s history. 

Man has not seen very much of the ocean’s 
bottom. We know of great canyons in it — 
five times dccfier than the Grand Canyon of 
the Colorado. One of them, off the coast of 
Japan, is over twdv'c hundred miles long and 
one hundred miles wulc. Surely no natural 
feature on the land could compare wdth it 
for grandeur. 

In many places within the reach of divers 
the floor of the sea looks like a garden filled 
with fairylike shrubs and ilowers — fragile 
animals that make their homes there. Elsc- 
w'here there are hills, mountains, valleys, 
plains, and volcanoes. Here dwdl the most 
fantastic creatures in the w^orld. Shark- 
nosed demons, glowing like ghosts, haunt 
the darkness. 'I'heir shapes and their vari- 
eties arc endless. 

Of unusual interest is the fact that there 
are great rivers, or currents, in the sea. 
Their beds and banks are made of water 
that is of a different temperature from that 
in the streams. We all know of the great 
Gulf Stream. It is a genuine river of w'armer 
water coming out of the Gulf of Mexico, 
llow'ing uj) the coast of Xorth America, and 
then making its way across the Atlantic 
Ocean to warm the colder waters of Western 
Kuropc, It is about fifty miles wdde ami 
tw'o hun i ed feet deej). Its rate of ilow' 
through the surrounding waters is a walking 
pace cf about five miles an hour. 


\ 


I'huto h> Aiiu'rirnn Mh’.miih i/f N.iiiiiitl lli-<fory 

This is one of the odd, ferocious creatures 
that live below the »irface layers of Ac 
ocean and carry their own light with which 
to see about them. In this dark region of 
the water world, the fish finds its luminous 
body very useful. 
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Reading Unit 
No. 13 


HOW THE SEA CARVES UP THE 
CONTINENTS 

Note: For basic injormation For statistical and current facts ^ 

not found on this page, consult consult the Richards Year Book 
the general Index, Vol, /j. Index. 


Interesting a 

Where are the oceans unusually 
shallow? 1-69 

What is the sea doing to Heli- 
goland? 1-69 

How high may waves reach? i— 

69 

How much English soil does the 
sea eat away each year? i— 

70 

Things to 

How much larger would England 
be if the sea did not wear 
away her shores? 

What would be the effect upon 
rocky shores if the sea did not 
contain salt? 

How has the rise and fall of the 

Picture 

How can the ocean form sepa- 
rate pieces of land? 1-69 

How does the sea take advantage 

Reltited 

How were the grottoes of Capri 
formed? 1-87, 6-476, 480 

What does the ocean do with 
sediment? 1-49 

How is the supply of ocean water 
maintained? 1--235, 239-41 

Practical 

Why is there a sea wall along the 
shore at Galveston, Texas? 
1-70, 72 

How may we prevent the loss of 

Leisure^time 

PROJECT NO. I : Look in your 

neighborhood for rocks which 


p Explained 
What does the salt of the sea do 
to rocks? 1-70 
Where is land rising out of the 
ocean? i 70 

Why does not Holland disappear 
under the sea? 1—70-72 
What happens to land that the 
sea steals? 1-72 

Think About 

earth's crust affected the geog- 
raphy of Europe? 

If the waves remove one foot of 
shore line every year, how long 
will it take the sea to wear 
New England completely 
away ? 

Hunt 

of the structure of rocks in 
carving them into queer 
shapes? 1-70-72 

Material 

What did the ocean do to the 
Zuider Zee? 6-353 
How the streams wear away their 
beds, 1—47-48 

The birthplace and the grave of 
a mountain, 1—22 

A pplications 

life that results from changes 
in the surface of the earth? 
1—69-72 

A ctivities 

have been carved by bodies of 
water, 1—69-72. 
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Photo l.y L. M. & 23. ll>. 

As the sea gnaws away at the continents, it carves 
out many strange and beautiful rock structures. The 

all, that is now far down below the waves — 
and with it goes a pretty legend of fairy 
bells that ring on Sabbath days. 

Every year no less than hftecn hundred 
acres of England’s soil are eaten uf) by the 
sea. Along the eastern coast the blows of 
the angry waves often shake the earth a 
mile back from the shore. During heavy 
storms the breakers pound the cliffs so hard 
that boulders weighing as much as three tons 
are pried loose and carried off by the heavy 
undertow. The next onrush of waves will 
seize them and hurl them against the cliffs; 
and so the grinding will go on. 

One of the Sea’s Deadliest Weapons 

Salt is another of the sea’s deadly weapons. 
'I'he waves force themselves into the pores 
of the rock, where, under the chemical action 
of the air, the salt helps to eat the solid 
stone away. 

But the ceaseless beating of the waves is 


archway you see in the picture above has been chiseled 
out of rock on the English coast. 

not the only thing that shapes the seashore. 
The lifting and sinking of the earth’s crust 
does its share. 'Ihe land around the northern 
part of the Baltic Sea is rising at the rate t)f 
one inch every two and a half years, though 
Southern Denmark is sinking, (ireat Britain 
was once a part of the mainland of Euroi)e, 
and the lOnglish Channel a dry valle\' 
Labrador and tlie f’acific coast of North 
America are rising, as well as parts of Japan , 
but other parts of Japan are sinking so fast 
that whole settlements have been buried be- 
neath the sea. Jn some places there the land 
is being lowered as much as a foot every live 
years. But even though the continents Iiave 
risen and fallen a few hundred feet, the pres- 
ent floor of the deep ocean has i)robably 
never been above the sea, nof have the conti- 
nents ever formed the bottom of an ocean. 

Sometimes great walls are built around a 
coiist where the waves are especially threat- 
ening. Holland would be flooded if it were 
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Photo by Aoderaon. Roma 

The waves take advantage of every chink and crack 
and every weaker layer of rock they find. Sometimes, 
when the rock is hard and unbroken, the waves as 
they cut back terraces at water level will develop steep 
iea clifiFs. At other places they may find huge cracks 


in the rock, and by nibbling away the material along 
the cracks they will cut great towers of rock from the 
mainland. These tall “chimney** rocks are then like 
so many giants striding out to sea. Our picture shows 
what the waves are doing to the island of Capil. 
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not for her dikes. At GaJveston, in Texas, 
a sea wall was put up after a disaster in 1900. 
The damage at that time came from a hurri- 
cane which raised great waves and flooded 
the city. Galveston is built on a very flat 
island and is nowhere more than ten feet 
above sea level. Its people w'ere so w^ell used 
to tropical storms that w'hcn the wind began 
to blow on a morning in September they felt 
no alarm. Even when at noon it had risen 
-to a hurricane, they went on w'ith their work 
as usual. 

But by three in the afternoon the wind 
was so high that people began to take fright. 
Business places w'ere closed, and men thought 
it wise to go and see that their families were 
safe. Soon the wind and waves made it im- 
possible to get from jflace to place. By this 
time all the wooden buildings had fallen and 
many stronger ones had been damaged. 
Bridges were blown down; and since the 
bridges were all that joined the island with 
the mainland, all communication with the 
outer world was cut off. 

The storm kept on into the night, sweeping 
gigantic waves up over the land ; but by mid- 


night the wind had spent its force. At first 
it was thought that only about a thousand’ 
people had been killed, but later it was found 
that nearly four thousand w'ere dead. The 
disaster was so great that at first it ?s?emed 
better to abandon the W'hole town. But 
finally a great sea wall was built instead. 

The wind and waves may do a good deal 
of sudden damage, but their greatest de- 
structive action lakes place over long ages. 
We are not usefl to thinking in terms of 
geologic time, and for this reason it is hard 
for us to understand the great changes that 
are .slowly but constantly going on around 
us. If the sea were to remove only one foot 
of land from the New J‘mgland coast each 
year, I he whole of New England would be 
gone in a little less than 750,000 years. This 
seems a very long time to us, but it is only a 
fleeting moment in geologic time. 

Vet we must not think of the sea as a de- 
stroyer only, for much of the land it steals 
from one place it deposits at another. In 
this way, it builds up islands and enlarges 
continent.s. It is constantly making new 
lands while it tears down old ones. 
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Reading Unit 
No. 14 


THE FLUES OF THE FURNACE 
UNDERGROUND 

Note: For basic information . For statistical and current facts, 
not found on this page, consult consult the Richards Year Book 
the general Index, VoL 75. Index. 

Interesting Facts Explained 

What did the ancient Greeks be- How long does it take for a vol- 
lieve about volcanoes? 1-75 cano to become a mountain? 

How did volcanoes get their 1-75 

name? 1-75 How deep is a volcano? 1-75 

What does a volcano send into What kind of rock do we get 
•the air? 1-75 from volcanoes? 1-76 

How may a volcano build a Whe*^e are most of the earth^s 
mountain? 1-75 volcanoes to be found? 1-76 

Things to Think About 

How have volcanoes changed the Why are undersea volcanoes pos- 
surface of the earth? sible? 

How have volcanoes affected peo- What is happening to the num- 
ple’s lives? ber of active volcanoes? 

Picture Hunt 

Describe the cone and crater of How is a volcanic pipe formed? 

a volcano, 1-7-4 i-75 

What happens inside a volcano? Pele s hair, i-io 
1-75 

Related Material 

The geysers, 1-32-36, 7-406 10, 5 521, 526, 528 

The only volcano in the United Which great Roman city was de- 
States, 7--407 stroyed by a volcanic erup- 

Other active volcanoes, 8-16, tion? 5-23^1 257, 13 - 5,5 

460- A What plants grow in volcanic 

If there were no volcanoes, what craters? 2-258 

important United States pos- What mountains were formed by 
sessions would not exist? i- volcanic action? 1-22 

Leisure-titne Activities 

PROJECT NO. I : Make a clay ored cross-section diagram of an 

model of a volcanic crater, r 74. erupting volcano, 1-75. 

PROJECT NO. 2 : Make a col- 

Summary Statement 

Volcanoes occur when some of earth s crust break through weak 
the very hot materials below the [joints in the crust. 
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Vesuvius is rather a well-behaved volcano as vol- feet deep. Since that time its cmetinna k 

canoes g^but on several occasions it has behaved periodic and sometimes *Urv disaaSoM 

peacefully and was we the resul^f m 
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The FLUES of the FURNACE UNDERGROUND 

What Will Happen if the Molten Metal inside the Earth Finds 

a Crack in the Crust? 


ULCAN was not a happy god. For 
one thing, he was a (Tipi)le. There 
had been a famous quarrel when his 
father Jupiter had sent him hurtling out of 
heaven, in a fit of rage because the btiy had 
sided with his mother Juno in one of the 
family squabbles. Vulcan had got a dis- 


friend. The Greeks liked to have a reason 
for everything; so when the wise men could 
not account for the smoke that rose from 
Mount lOtna, they told the jieoplc that it w’as 
j louring from the chimney of Vulcan's forge. 
In this way all smoking mountains came to 
be called volcanoes (vbl-ka'no) — a word 



located hi[> in the ft'ill, and 
vowed he never w'ould go back 
to Mount Olympus, where the 
greatest of the gods of Greece 
were said to have their home. 
Since he w’as the god of fire and 
had always had a mechanical 
turn of mind, he made a forge 
underneath Mount Ftna and 
look a of one-eyed giants 
called the Cyclopes (sl-klo'pe/) 
into partnership. There he 
made all §orls of useful articles 
out of metal, even to golden 
handmaidens to wait on him. 


£v«r so long ago a great mass 
of molten rock was pushed up 
from far below the surface of 
the earth. It probably never 
actually reached the surface, 
but contented itself with bow- 
ing up the material above it into 
a hill. Then it froze into hard 
rock, and gradually the material 
above it -and part of the great 
mass itself — was worn away. 
Nature always wears away the 
weaker rock first; so this mas- 
sive tower of hard rock was not 
worn away so quickly as its 
surroundings. Bare and fur- 
rowed, it is standing to-day in 
Wyoming. Sometimes the lava- 
filled “pipe" of a volcano, long 
since dead, may become a tower 
much like the one you see here 
and by the same process. 


made frojn the name of Vulcan. 

A volcano is a good deal like 
a gcy.ser. but instead of hurling 
forth hot water, it vomits steam 
and ashes and streams of molten 
rock, which we call lava (la'va). 
The stuff sent out b>^ a volcano 
gathers in a heap around the 
mouth of the chimney. It takes 
the .shape of a great cone and 
grows higher and higher with 
each new eruption until it may 
come to be a mountain. Such a 
cone in Salvador is some 3,000 
feet high, and is constantly 


It was he who forged Jupiter’s 
dread thunderbolts, which the 
great god hurled about when 
ever there was a storm. 

'Fhe men wlu) worshiped him 
thought of Vulcan as a short 
muscular person, with one leg 
longer than the other and a 
workman’s caj) u|H)n his curly 
locks. I le wore a long sleey'elcss ^ 
jacket ainl carried a ham 
mer. All blacksmiths and 
metal workers consid 
ered him their especial jf 



rising. Yet 150 years ago there 
was not a sign of it. 

The chimney, or pipe, of a 
volcano often reaches dowm into 
the lower part of the earth’s 
crust. It must have started at 
a i)uint where there w'as 
some sort of weak spot in 
the crust of the earth. 
Great pressure from below 
gradually forced the 
lava up through cracks 
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— or “faults” — until it reached the surface; 
then the lava rushed out through the hole 
it made, and an “active” volcano began its 
career. 

Often all this happens at the bottom of the 
sea. Two famous volcanoes, Etna, now on the 
Island of Sicily, and Vesuvius (ve-suM-iis), 
near Naples in Southern Italy, started under 
the ocean. It is thought that there are a 
good many on the floor of the Pacific; for 
many of its islands were once volcanoes. 

The Birth of an Island 

In 1796 a column of vapor was seen to 
rise "in the North Pacific. Gradually a vol- 
canic mound pushed its head abovt the level 
of the sea and formed an island. Six years 
later a party of hunters landed there and 
found that in jdaces the ground was still too 
hot to walk upon. The cone has gone on 
growing till it has now risen to a great height 
and is three miles around. 

'rhere are a few volcanoes that throw up 
lava all the time, but most of them do so 
only by fits and starts. They may sleep for 
months or years or even for centuries, and 
then suddenly wake up. Often surface water 
trickles down into them and is turned into 
steam. In due time the steam rushes back 
up the chimney and with loud explosions 
bursts forth from its prison. When the lava 
that comes after it has been exhausted, a 
shower of stones and dust follows and then 
there is quiet. Often the explosions are so 
great that they change the shape of the open- 
ing, or crater (kra'ter), and even destroy the 
cone itself. Millions of tons of rock have 
been blown off the summits of volcanoes. 
The majestic Vesuvius lost eight hundred 
feet from its croMi some hundred years ago. 

Ages ago the molten rock sometimes burst 
through long cracks in the surface of the 
earth. This hap|)ened, for instance, in what 
is now the valley of the Snake River in Idaho, 
and the lava that oozed out there hardened 
into a great plain of basalt (bi-s 61 t ') — sl 
dense black rock. 

Volcanoes used 10 be much commoner 
when the earth was young. And this was 
natural enough, because the crust had not 
cooled so much then, and was easier to 
crack. As the earth grows older, volca- 


noes will probably grow more and more rare. 

In the East Indies there was a volcano 
that had been quiet for two hundred years. 
You may already have heard its name * 
Krakatoa (kni'kii-lo'a) — for it made itself 
famous by suddenly bursting forth in the 
most tremendous cxj)losion within the mem- 
ory of man. Krakatoa was a volcanic island 
lying ))etween Java and Sumatra. In the 
month of May, 1883, the volcano began 
throwing up ashes, though not in an alarming 
way. Suddenly, in August of the same year, 
a terrific explosion came. The entire lop of 
the island w'as Idown away. For a time it 
w'as split in two, like a pair of islands. Then 
they, too, (lisap|)carefi. 

The exjdosion caused a gigantic wave, 
sometimes wrongly called a tidal wave, that 
swe]>l the neighboring coast, where it drowned 
36,500 people and destroyed 300 JaNanese 
villages. It traveled clear around the earth. 
But even more prodigious was the roar the 
explosion made. It was heard at a distance 
of three thousand miles, and in the atmos- 
phere it made groat waives that traveled 
three times around the earth. For three 
years the air Avas filled with clouds of dust, 
which produced the most beautiful sunset. s 
that men had ever seen. 

The Pacific’s Fiery Garland 

There arc more volcanoes in anti around 
the l\acific than in any t)ther part of the 
globe. The Hawaiian Islands wxtc entirely 
built uj) by volcanoes, and so wxre large 
parts t)f Japan. On our side of the ocean 
Mount Shasta and Mount Rainier in the 
Cascades are old volcanoes long since tlead. 
Mount Lassen in northern California is the 
only live one in the United Stales, but Ala.ska 
has many, with Mount Wrangell and Mount 
Katmai the most famous. Mexico too hiis 
a large number, and Orizaba (o'rc-sii'bii) 
and Popocatepetl (p6-po'kS-ta'pct'i) are gi- 
gantic extinct cones. In 194J a brand-new 
volcano, Paracutin (pa'ra-kob-tf 11'), was born 
in a cornfield some 180 miles \fest of Mexico 
City and rapidly grew to a Height of 1200 
feet, destroying seven villagesi and devasta- 
ting hundreds of square miles of fertile farm- 
land It was the first new onfe in our hemi- 
sphere since 1759. 
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Reading Unit 
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WHEN THE EARTH SHUDOERS 


Mote: For basic information 
not found on this pa^e^ consult 
the general Index, VoL 75. 

Interesting Pacts 

What was an ancient explanation 
of the cause of earthquakes? 

1-7^ 

How long does an earthquake 
tremor last? i"-79 
What happens just before an 
earthquake occurs? i -79-80 
What damage can earthquakes 
cause? I— 79-8 T 


For statistical and current facts, 
consult the Richards Year Book 
Index. 

ExpUtined 

What was the most destructive of 
all earthquakes? 1-80 
What starts an earthquake? i - 
81 

How are earthquakes recorded? 
1-81-82 

How frequently do earthquakes 
occur? 1-82 


Things to Think About 


Why is it that not all earthquakes 
are destructive? 

How have earthquakes changed 
the surface of the earth? 

Why arc earthquakes more dis- 
astrous to cities than to the 


countryside? 

How do the rocks which form in 
the earth’s crust affect earth- 
quakes? 

How do earthquake waves travel 
through the earth’s crust? 


Picture Hunt 

Explain how a seismograph What nay earthquakes do to 
works, 1-8 1. cities- 1-79-80 


Related Material 

What a new mountain is like, i- What have earthquakes done to 
1 9 Sicily? 6-476 

How have earthquakes affected How have earthquakes changed 
Central America? 7-44 West Indies? 7-55* 64 

Practical A p plications 

How are houses built to with- when in the country during an 

stand earthquakes? 1—80 ealrthquake? 1—80 

What should one do for safely 

Summary Statement 

Earthquakes are caused by the of rock along a line of weakness 

‘‘faulting” of rocks under enor- or “fault” in the earth’s crust, 

mous pressures or by the sliding 
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]'hiHo by Niavara Fall* C. of C. 

Every year some two million people come from many 
lands to visit Niagara Falls, one of the wonders of the 
world. These mighty falls are in the Niagara River, 
which flows from Lake Erie to Lake Ontario; thus they 
lie between the state of New York and the province of 
Ontario. The Canadian and American governments 
have made the land around them into public parks, so 
that the beauty of the falls may be protected and 


visitors may find sightseeing made easy. The falls 
are divided into two parts, with an island between 
them. The Canadian Fall, on the side toward Canada, 
is in the shape of an enormous horseshoe, and so is 
usually spoken of as the Horseshoe Fall. It measures 
about 2,600 feet along its curving crest, and is 155 
feet high. The American Fall, shown here as it looks 
from Canada, is 1,400 feet across and 165 feet high. 



Pbutu by M. Y. C’-euiral Liuoh 


In the depth of a cold winter the falls of Niagara are 
almost more beautiful than in summer. It is a strange 
Bight to see all that tumult of waters caught in mid- 
air, as they are shown in our picture. What domes 
and pinnacles, and fretted pillars of icel And what a 
vast silence. Yet we do not need to wait for the rare 
occaslona when the falls build these temples of snow 
and ice. We shall find enough to awe us if we stand 


on their brink in summer and watch that endless green 
ribbon of water slipping silently ovfr the edge— to 
break into noise and foam on the ro^s below. The 
falls are very slowly eating backward into the rock at 
the rate of about four feet a year. No one, of course, 
knows for how many thousands of years this has been 
going on, though the falls must date back to the close 
of the Ice Age, at least 25,000 years ago. 
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IMkiUi tiy It S, c!(>4iIoki< ui 

It took man many a day of patient labor to build this destroy it all with an earthquake! How easy it was 

street wUh its complicated houses and drainaKe sys- for her to buckle the flat sheets of hard pavement 

terns. Nature needed only a few brief seconds to and overturn sound walls of brick and stone! 

WHEN the EARTH SHUDDERS 

A Chunk of It May Slip Somewhere and Set the 
Whole Ball Tremblintf 

ancients used to say that a strong An earthquake is well described by the 
I named Atlas carried the worhl word itself. "I'he ground quakes or trembles. 

LhJJ on his back. Once in a while he It does not last long — a few seconds as a 

w'ould get a sharp ]xiin in the shoulder, as rule, though rarely it may go on for several 

you may imagine! Then he would shift his minutes. The average time is three-quarters 
load, and the people on eartli would be well of a minute. 

shaken up. Thus the men in early (Ireece F.arth(iuakes are common enough in cer- 
cxplaincd the earthquakes that arc still so tain parts of the world, though most of us 
alarming to us. We can imagine an e;.dy arc not likely ever to feel one. They begin 
family sitting around the open lire in a flimsy with a confused murmuring sound, weird 
little hut when suddenly the ground is taken and not unlike the sighing of wind in trees 
aw'ay beneath them. The house falls flat, or the breaking of waves on the shore. Every- 
the flames spread swiftly among the crazy thing that is loose — dishes, pans, even the 
timbers, and lucky it is if no one is pinned heavier furniture — begins to tremble and 
beneath the ruin. clatter. Then, if the quake is severe, the 
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murmur grows to a roar and things begin to 
crash. One is violently shaken about, as if 
in a storm at sea. The walls of the houses 
crack, and often great buildings topple. And 
then suddenly all is calm. The earthquake 
is over. It has really been due to the passing 
of weaves through the 
crust of the earth, which 
trembles as if it were a 
mould of jelly on a 
jolted table. 

If you are in the open 
country when the trem- 
bling begins, you will be 
wise to lie clown flat, 
instead of waiting to be 
thrown. Get clear of all 
standing objects if you 
can, for trees will sway 
until their branches 
sweeptheground. Great 
cracks may open in the 
earth and close again, 
and as they close, the 
air that is violently 
forced out brings with 
it clouds of sand and 
water. And sometimes 
the noise is stunning. 

It is a common belief 
that fire is belched from the earth at such a 
time, but this is not true. The fire which 
usually follows an earthquake is started from 
lamps and stoves. None comes from the 
earth itself. 

What an Earthquake Can Do 

Earthquakes sometimes swallow up a lake, 
and sometimes spout great streams of water 
from the grouncl. Often, when they take 
place beneath the sea, they send gigantic 
waves to wash the shores hundreds of miles 
away. It is as if a stone the size of a moun- 
tain had been plumped into the ocean. Some- 
times, though wrongly, these are known as 
tidal waves, because they once were thought 
to come from a tide that ran unusually high. 
Sometimes the undersea quakes are not felt 
on land, but their force and location are told 
by delicate instruments. 

The first sign of such a wave is the with- 
drawal of water from the shore, leaving the 


harbors bare. In a few moments the sea 
comes rushing back, a towering wall, and 
thunders inland. Again the water disappears, 
again it returns. The deadly ebb and flow 
may last for a number of hours. 

Such a disaster once befell the coast of 
Chile. On that occasion 
the earthquake had 
been felt; buildings had 
even been thrown down. 
Then the sea retreated 
from the shore, leaving 
ships high and dry 
which had been an- 
chored in deep water. 
When the sea returned 
it hurled the ships like 
chips of wood upon the 
land. Among them was 
a United States war 
vessel, which was car- 
ried half a mile inland. 
She lay there for nine 
years, and then another 
wave came along and 
l.)orc her still furtlier 
from the shore. 

But most terrifying 
of all is an earthquake 
in a city. In 1906 one 
of them left San Francisco in ruins. What- 
ever havoc the quake failed to work, the fire 
finished. Great buildings fell, and sent up 
such clouds of dust that everything was 
wrapped in a kind of ghostly twilight. Gas 
lines broke, and the escaping gas look fire 
and added to tlic panic. Meanwhile, all 
telephone and telegraph wires had been 
broken, and the stricken people were left 
without any way of communicating with the 
outside world. 

Fiarthquakes are frequent in Jajian, where 
there are sometimes as many as four in a 
day, though few of them do much harm. In 
the fifteen hundred years during which rec- 
ords of them have been kept there, only two 
hundred quakes have been Severe. But the 
most destructive of all earthquakes occurred 
there in 1923, when 200,060 persons were 
killed. The Japanese have devoted a good 
deal of time to studying the subject and have 
made some important discoveries. 



Photo by > muni K<lurntion Hrrrirn 


This is what sn earthquake did to the City Hall 
of San Francisco. The steel frame of the build- 
ing still stands, but most of its facing of cement 
and brick was wrenched loose. 
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Photo by U. 8. Ciootogical flurvey 


Somewhere, deep in the earth's crust, a colossal 
movement took place, and in the center line is what 
the seismograph wrote about it. Three sets of waves 
told the news. Two of these traveled through the 
body of the earth, one going at about twice the speed 
of the other. Since the slower of these two cannot 

Over a hundred years ago a scries of earth- 
quakes passed over the region of the lower 
Mississippi River and were felt through the 
whole of the eastern part of the country. 
At two o’clock one morning the little town 
of New Madrid, Mis- 
souri, was awakened 
by a noise as of thunder 
close at hand and felt 
a tremendous shock. 

In a few incmA-nts the 
air was full of sulphur- 
ous vapor. People 
thought it was the end 
of the world. Mild 
shocks kept up for 
months; there were 
nearly two thousand of 
them. Many were not 
severe enough to be 
felt, but others cracked 
the earth open in yawn- 
ing chasms twenty 
to thirty feet wide and 
as much as sl\ hundred 
feet long. Out of these 
rents great jets of sand 
and water were hurled 
up as high as forty feet. Lakes were wiped 
out and new ones were formed in unexpected 
places, where they arc found to this day. 
Often they are large; one of them, Reclfoot 
Lake, is twenty miles long and seven n./les 
wade. From a boat we may look down into 
the tops of trees that were drowned over a 
century ago. 

Earthquakes have sometimes changed the 
whole face of a country. Shores have been 


pass through liquids, we know that the bulk of the 
earth must be solid. After these two sets of waves 
had brought the news, a third set, which had traveled 
alon^ the earth’s surface, arrived — a bit late, perhaps, 
but in time to ^ve the needle of the seismograph an 
extra good shaking and make it write the biggest zigzags. 

raised as much as fifty feet or sunk beneath 
the sea. And in some parts of the globe, 
where earthquakes often happen, this rising 
and falling goes on at the present day. 

In another story we have told how the 
mountains of the earth 
are made. If you have 
read that, you will re- 
member that vast beds 
of rock are first laid 
down beneath the floor 
of the ocean. Then 
enormous pressure 
from the sides may 
squcc’ze the layers of 
rock until they are 
broken up, or “folded.” 
Later still, the whole 
mass of rock is pushed 
up into a mountain, 
and more breaking 
may occur. Such 
breaking, or “fault- 
ing,’* will result in an 
earthquake. Have you 
ever broken a stick in 
your hands and had 
your hands “sting” as 
it snapped? 'riic sling comes from the rapid 
vibration in the two pieces of the broken 
slick. Just so the broken rocks may vibrate 
enough to cause the “waves” of an earth- 
quake. 

But earthquakes of this kind are probably 
rare. The break, or fault, that remains in 
the r(x:k is always a line of weakness; and 
most earthquakes come from a later slipping 
of the rock along this line. Along the fault 





Whenever Atlas shifts his heavy burden this clever 
instrument records the fact. If you have the oppor- 
tunity you must go to see the seismograph at work 
in the Museum of Natural History in New York. 
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millions of tons of rock may slip and fall a 
few inches or a few feet; and this will set all 
the crust of the earth around vibrating. 

Most of the earthquakes occur in places 
where new mountains are being built or 
where they have recently been raised. The 
faults have been present there for an un- 
known length of time, and the earthquake 
comes when the forces due to shrinking or 
to uplift cause a slipping. 

At this very moment the earth may be 
trembling mightily in far-away Japan. You 
and I have no way of knowing it until we 
see the news in the paper, but at Washington 
and elsewhere scientists can w^atch it make 
a record. They have instruments called seis- 
mographs (sis'mo-graf) on which all tremors 
are recorded. You will have no trouble see- 
ing what the last part of the word means. 
We have it in “telegraph” and “autograph” 
and other similar words; it comes from the 
Greek “grapho” — “T write.” The first part 
of the word is Greek also — from “seismos,” 
which refers to shaking. So you see our 
learned word is really very simple; it means 
“writing the shaking.” 

And seismographs themselves are a good 
deal simpler than one might think. When 
we are told that seismographs are so sensi- 
tive that they record the trembling in the 
earth made by a passing automobile, wc ex- 
pect a complicated machine which only scien- 
tists can understand. But we are pleasantly 
surprised. 

An Earthquake Writes Its Signature 

The important part of the device is a highly 
sensitive pendulum which is set swinging by 
the slightest trembling in the earth’s crust. 
At the end of the pendulum is a needle which 
scratches on a smoked glass plate as the 
pendulum swings back and forth. Tt is with 
the needle that the earthquake writes its 
record. The first tremor of the quake starts 
a clockwork that keeps the glass plate re- 
volving, so that a clean surface is constantly 
brought beneath the needle. When the 
trembling ceases, the clockwork stops. At 
the first tremor a second clock is likewise 
started running. It records the exact time 


at which the quake began, so that if no one 
is present when the tremors come, the clock 
will still tell exactly how long they lasted. 

The mere movement of a person in the 
room is enough to set the pendulum swing- 
ing; so the instrument has to be kept free of 
contact with the surface of the earth. A 
deep pit is dug and a pillar of concrete is 
built from its floor to the level of the earth^s 
surface, but at no place touching the sides 
of the pit. 'fhe scismograi>h is mounted on 
lo]) of the concrete column. In this way it 
is protected from all local disturbances, and 
rests on the bed rock through which the 
waves of an earthquake always travel. 

But how can the waves be felt if the quake 
is on the other side of the earth? 

Waves through the Earth’s Crust 

Whenever a pf)rtion of the earth’s crust 
slips, it sets up such a disturbance that the 
vibration travels on and on through the 
ground in the shape of gieat waves, very 
much like the waves that run out in circles 
whenever you drop a pebble in a standing 
pool. For though the earth seems so soli(l, 
it really is fairly elastic, as anyone must 
know who has ever felt the jar of a passing 
train. Indians, with their quick hearing, 
used to be able to detect a footfall a long 
way off by putting their ears^lo the ground. 
Vibrations too faint to carry through the air 
will travel through the earth. 

So an earthquake may be felt at quite the 
opposite side of the globe; its weaves have 
traveled at great speed — sometimes as fast 
as ten miles a second - riglit through the 
center of the earth. They travel along the 
crust, too, but a good deal more slowly. 
Often the waives that have come through the 
core of the earth reach us a long lime before 
those that have come around through the 
crust. 

Professor Milne, the inventor of the mod- 
ern seismograph, estimates that there is a 
little earthquake somewhere about every 
fifteen minutes, and that big ones take place 
about every four days. But even though 
they are so common, it is very rarely that 
they disturb thickly-peopled districts. 
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Reading Unit 
No. 16 


THE BIO HOl.ES IN THE EARTH 


Note: For basic information 
not found on this pa^c, consult 
the general Index, Vol. 75. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


Interesting Pacts Explained 


On which continent are the finest 
caves to be foiinii? i -85 
Which is the largest cave? 1—85 
What is a sink hole? i 85 
How does water carve a cavern? 
I- 85 

How di) volcanoes form caves? 


1-85-86 

What is the depth of under- 
ground caves? I 86 

What are stalactites and stalag- 
mites? I 86 

Which cave is the most famous in 
the w'orld? i 87 


P kings to Think About 

fn a limestone cave what happens \\'hy are most caves in limestone 
the water and to the dis- areas? 

solved minerals in it? 


Picture Hunt 


What is a stalactite? i 86 
Why is it dangerous t*) explore" 

Relateil 

Jn.sidi* ihu carlli, l r<»nt e, 

V’’olume I 

Where are the w’orld's most fa- 
mous caverns? 1-89, 92, 6 
476, 480, 488 

Sum mary 

Caves are mostly formed by 
the dissolving of limestone by 
underground water, but some 


unknown limestone caves? i— 
84 

JVJ at erial 

Caves as primitive dw'ellings, 
n-596 

Caves u.sed as tombs and temples, 

II 

JTehislc ’ art in caves, 11-1-4 
Statement 

caverns were formed by volcanic 
action. 
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Flujto by New Mexico State Tourist Bureau 

This giant dome in Carlsbad Cavern, New Mexico, is 
sixty-two feet high and eighteen feet in diameter. 

npw many millions of drops of water it took to 
bmld itl Not everybody can visit a famous cavern 
like this one, but there may be caves well worth ex- 
plonng right in your own neighborhood—particularly 


if you happen to live in a **limestoiie country.’* Cave 
exploring is very fascinating; but xemember that it 
can be extremely dangerous! You teever know when 
you my come to a deep pit or a crumbling layer of 
rock. Be sure to wear shoes that will not slip on wet 
rock, and carry flash lights, candles, and matches. 
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IMiuio hy Nevada State Highway Dept. 

Near Ely, Nevada, are the Lehman Caves, now a out of solid limestone by the ceaseless drip of water, 

National Monument of 640 acres. They were carved and dripping water built those delicate columns. 


The BIG HOLES in the EARTH 

How Little Drops of Water Have Carved Out Halls and Palaces 
of Marvelous Beauty in the Rock 

H ardly any of the wonders of Nature All around it the ground is punctured with 
are more interesting than her caves, deep holes- sixty thousand of them — where 
In them our forefathers made their the water has dissolved away the limestone, 
homes; and we still find them more curious As it sinks into the earth through cracks, the 
in formation and more mysterious in beauty water ^iowly eats away the limestone around 
than almost any other thing that Nature has the cra' r. until an open channel is formed 
made. The finest are in North America, leading underground. This is called a sink 
most of them in the United States, which hole. One at Green River, Kentucky, is two 
Iirobably has more large caves than any hundred feet deep. 

other country in the world. .Some ninety of Water seeping underground through the 
them, large and small, honeycomb Edmonson joints and crevices in limestone sometimes 
County, Kentucky. Fhe Mammoth Cave meets a different layer of rock which it can- 
tliere Is the longest in the world. Carlsbad not dissolve. It then has to eat its way to 
Cavern, .New Mexico, has the largest rooms, the sides in the limestone on top of the other 
Mammoth Cave was di.scovered in 1800 roi k. In doing so, it carves out caves and 
by a hunter who followed a wounded bear narrow pass:'ges, which after thousands of 
into it, but it was not explored until a ^ irty years may giow to be as large as Mammoth 
went through it looking for saltjieter to make Cave. Big caves arc always formed in this 
gunf>owder in the War of iSi 2 . The cave is way; and that Is why they are usually found 
really ten miles long, though there are some in limestone rock. Whenever caverns have 
150 miles of winding jjassages. Its greatest been hollowed out by waves along a coast, 
width is three hundred feet. they are much smaller. In volcanic regions 
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_No one would care to go barefoot on this prickly floor 
in Mammoth Cave I These stalagmites, large and 

they arc oven formed by Java and molten 
rocks, as has happened in the Azores, in the 
Canary Islands, and in Iceland. Everywhere 
weathering has helped to widen and deepen 
them, and man, too, has enlarged them. 
Often it is hard to say how much has been 
done by man and how much by nature. 

The Great Cave at Carlsbad 

At Carlsbad, New Mexico, is one of the 
largest and deepest caves in the world. It 
goes down 1,350 feet below the surface, and 
has rooms as much as 4,000 feet long and 
350 feet high. These great halls are in- 
crusted with the most exquisite lacework in 
glistening stone. 

Many caves are splendid to see. Great 
crystal pillars hang like icicles from the roof 
and rise like columns from the floor. Those 
hanging from the roof are stalactites (sta- 
Idk tit), and those rising from the floor sta- 


small, have all been made by the constant drip of tihy 
drops of water carrying minerals in solution. 

Jagmites (stadilg''mrt). They arc made in 
much the same way, for one is formed on 
the roof by the water dripping from it, and 
the other is built up on the floor by water 
dropping on it. 

How Caves Are Turned into Fairyland 

But how can water make icicles without 
freezing? As it seeps tliroiigh the limestone 
roof of the cave, it dissolves away part of 
the lime that such rock always contains. 
When a drop gathers slowly on the ceiling, 
part of it evaporates and leaves its lime be- 
hind, and the rest splashes to the floor below. 
Meanwhile, more water gathers. And so 
each drop evaporates enough before it falls 
to add its tiny film to the great icicle of a 
stalactite it is helping to buil4. 

But the water that drips to the floor leaves 
its bit of lime there too. At first there is no 
result that you or I could see. It takes a 
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very long time for the drip, drip, drip to 
build even a tiny knob. The whole stalag- 
mite may take many centuries. But at last 
the pillar may be raised so high that stalactite 
and stalagmite join to make a single gleaming 
column as mlich as fifty feet tall and reaching 
from floor to ceiling. No wonder such a cave 
looks like a fairy iialace! 

Perhaps the most famous cave in the world 
is the Blue CroLlo on the island of Capri, 
near Naples in Italy. It will be worth our 
while to pay a visit there. The only door is 
!)y way of the sea. We are a ver}^ small 
party, for the boat that carries us must make 
its way through an opening only three leet 
wide and five f('et high. Indeed, we have 
to lie in the bottom while the boat squeezes 
through the hole, for the little craft is rising 
and falling with the swell of the sea. Our 
boatman finds it hard to get us in at all, 
e\’en on a calm (Liy. 

The Magic of the Blue Grotto 

Once inside, we arc dazzled by the strange 
silvery-blue light. Kverything that touches 
the water is turned to silver, even the boat- 
man’s oars. He plunges ovcrlioard and dives 
for coral. How amazing to see the swarthy 
Italian suddenly clad in gleaming metal! 
But the reason for it is simple enough. Un- 
derneath the water is a second entrance to 
the cave. It was probably the door at “st, 
and the entrance wc have come through must 
then have been a window higher up. A thxKl 


of sunlight enters the cave through the broad 
under-sea passage, but in passing through 
the ivater it is amazingly transformed. All 
its bright golden rays arc filtered out and 
only the blue ones left. They arc reflected 
back and forth by the white walls of the 
cave, vvhich tliey tint a lovely blue. And 
the filtered sunlight turns everything in the 
water to silver. 

Legends of the Blue Grotto 

There is still another entrance to the cave, 
but no one has ever been able to explore it. 
Legend says it led to a great Roman palace. 
The Romans certainly knew the Blue Grotto, 
but their descendants were frightened away 
by stories of witches tliat haunted it. The 
tales were doubtless told by simple fishermen 
alarmed at the sound of waves booming in 
the c;i»e- but peoi)le believed them and kept 
away. Vs a result, the beautiful grotto was 
forgotten until about a century ago, when 
an a tisl and a jKX't found it again. Their 
boat ct>uld not gel in, so they had to swim 
through the narrow door. What a sight 
burst on their eyes! Later the famous story 
teller, Hans Christian Andersen, wove one 
of his fairy tales around the cavern. 

In the soft limestone of Capri the caves 
arc almost beyond numbering. There is a 
WTiitc Grotl'f, a Green Grotto, and a Red 
Grotto. But whatever the color, it has come 
from sunlight filtering tlirough the water in 
the way we have described. 
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Reading Unit 
No. 17 


RIVERS BENEATH THE EARTH 


Note: For basic injormation 
not found on this page, consult 
the general Index, VoL 75. 

IntetresUng Facts 
What is the origin of a spring? 

I 89-QO 

How is the earth's water supply 
renewed? 1-89 

What is the greatest depth at 
which water can be found in 
the earth? 1-89 
What is the annual rainfall in the 

Things to 

What would happen to the earth 
if the water which boils away 
or evaporates disappeared from 
our planet? 

Why does water flow from Ar- 
tesian wells withciut the aid of 


For statistical and current facts, 
consult the Richards Year Book 
Index. 

Explained 
United Slates? i 89 
What is a well ? i 90 
What is an Artesian well? i 90 
How do minerals get into spring 
waters? i 91-92 
What is an underground lake? 
1-91-92 

Think About 
pumps? 

What is the life story of a lake? 
What happens to a lake when 
underground springs stop flow- 
ing? 


Picture Hunt 

What is the source of supply for What is a “dowser”? 1-91 
an Artesian well? 1—91 

Related Material 

What is the importance of water essary for good health? 2-420 

to plant life? 2 -193, 197 The Ice Age, i- Oo 

How much drinking water is nec- The big holes in the earth, 1-85 

Practical Applications 

Where should an Artesian well be health? i— 90-91 

^drilled? 1-91 W’^hy are Artesian wells belter 

Why are some mineral springs than dug wells? 1-90 

believed to be important to 

Leisure^time Activities 

PROJECT NO. I : Make a of the geologic structure of the 

working model of an Artesian land surrounding an Artesian 

well, I 91. well, 1-91. 

PROJECT NO. 2 : Make a chart 

Summary Statement 

Underground water supply during periods of drought, 
prevents the wiping out of life 
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This is the famous Echo River, in Edmonson County, back sounds which seem to come from all directions — 
Kentucky. It winds its way through mysterious chan- like the voice of the sibyl, which re-echoed “in rushing 
nels far below the surface of the earth. Its walls echo murmur'* through the caves of ancient Cumae. 


RIVERS beneath the EARTH 

How Does the Water Get into a Well or Make a Lake 
on Top of a Mountain? 


r^^lAVE you ever wondered how the water 
|l-|| that trickles from a roadside spring 
found its way into the earth? The 
little natural fountain is a part of countless 
tons of water that arc always ilowing under- 
neath our feet. If it were not for those hid- 
den supplies, peoide in many parts of the 
world would die of thirst during long droughts, 
when all the water on the surface dries up. 

But though wc depend so much on water 
from underground, it has all come, to start 
with, out of the sky. Rain and melted snow 
trickle dowm through cracks in the rocks and 
soak through the soil. A ccrUiin amount 
may go down a long way, though no one has 
ever dug deep enough to see how far. Alv- t 
of it stays near the surface; in mines there is 
very little water below a few thousand feet. 

Not a drop of water can ever be completely 
destroyed. We may boil it aw'ay or the sun 
may 'dry it up, but that only means that it 


has taken another form and turned to steam 
or mist or cloud. Somewhere it still exists, 
and sooner or later it will fall back to the 
earth again as water. 

It is amazing how much the heavens send 
us. If the whole amount of water that falls 
on the United States in a year were gathered 
together it would till a tank containing fifteen 
hundred cubic miles. Imagine the weight of 
it! For when only an inch of water has fallen 
over a square mile, the earth’s crust has to 
bear up under an added weight of over 
425,000 tons. 

Wells have always been exceedingly pre- 
cious to mankind. Even in our own day of 
city waterworks, millions of people who do 
not live in towns rely on wells for their supply 
of water. They are expensive to dig, espe- 
cially if one has bad luck in finding a supply 
of fair size as he goes down. So people have 
tried all sorts of ways to find out where the 
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water would proDaoiy ne loiinci. One means 
of locating it was knowm as ‘‘water divining.” 
The custom, as you wdll see, belonged to days 
before the development of science; but in 
outlying parts of the country it still lasts 
and there are still a certain number of people 
who believe in it. 

The man who tries to find out where the 
water lies is called a “dowser” (dou 7 /er). He 
carries a prong of hazel or other wood, which 
is called a “divining rod” — “todivine,” 
in this connection, meaning “to de- 
tect.” Holding it gently in his hand, 
he walks about, w'aiting for the twig 
to turn and so point out to him the 
spot under which there is water. 

Often the rod does, indeed, turn 
in his hand, even when he believes 
that he is holding it steady. 

Sometimes it turns vigorously, fl 

and may even strike the V 

dowser’s body. He is 1 

quite exhausted after his A 

efforts, and sometimes complains of 
sickness and has a high pulse. All such 
symptoms are a result of nervous st rain. Wn 
It is ridiculous to suppose that water 
far underground really moves the stick; KJ 
but it is quite possible for the man’s 
own muscles to turn it without 


commonly called a well. Sometimes a “vein” 
of water is driven along by the weight of a 
column of water behind it. If it meets a 
crack leading upward, it may be pushed to 
the surface, where it appears as a spring. 
Sometimes the water from springs gathers in 
low basins and forms lakes. More often it 
helps to form a stream. 

From most wells the water must be pumped 
or drawn with a bucket. This is because 
, there is not enough pressure, or weight 
V of water behind, to force tlie column 
^ up to the surface. Water will not, of 
^ its own accord, rise above the level 
jRj from which it started to flow. 

but in many places there are wells 
^1^ that flow like fount ain.s, sometimes 
H|l s])urting high above the ground. 
IPHIl 'rhoy arc called Artesian (ar-te'zhUn) 
"'tills because of the famous ones at 
Artois (ar'twii'), in hrance, where 
they have long furnished w'ater to 
the people. The underground waters 
that feed an Artesian well may enter 
the ground many miles away from 
the sj)()t where the well is sunk — and 
always at a higher level. Like 
all “water veins,” the bed 
through which the water Hows 
is made of |)orous matter and 


his meaning them to tlo so. One SX f2Jked‘s«ck surroundedhy si^i,! r<Kk. 


is forced to believe in the latter tightly in his hands, 


stick would turn. 


Su[)pose such iui underground 
bed reaches from a lake on a 


explanation. Many ijeople have Ii,rS?ISd'^toteVofte'’iLth*,he f^cim a lake on a 

acted as dowsers and have made expects to find water, others mountain top to a valley five 
honest attempts to see if the Jucks^avrthT^wM^tcTloc^^^ hundred feet below. If wo sink 
stick would turn. Some have ^Vmgew^ya '**How valley at a point 


a shaft in the valley at a poi 


t >11^ BAvuiiiA XlOW 

even been convinced and have pleasant it would be if their to tap the bcrl, the weight of the 


become professional dowsers. belief we 
But a scientific observ^er has to conclude that 
they are all deceived. The turning of the 
twig is due to unconscious acts of their owm, 
brought about by their squeezing the stick. 
It is a trick played upon them by their own 
brains and nerves. 


belief were only true! 


Dniytruei column of water fue liuridrcd 
feet high will push the water l^clow up the 
shaft and send it high above the ground. 
The solid rock which incases the bed of 
porous sand acts as a pipe and prevents the 
water from escaping in any other direction 
than up the shaft. 


Where Do Springs Come From? 

We must not picture underground water 
as rushing along in great tunnels. It works 
its way slowly through sand, gravel, and 
Other loose stuff. When we sink a shaft 
down to one of those levels, the water gently 
hows into the shaft and we have what is 


There are many .\rtcsian wells in the Mis- 
sissippi Valley. 

At certain places, such as Saratoga Springs 
in New York State, Bath in England, and 
Baden-Baden in Germany, there are springs 
of mineral water which are highly prized in 
treating various diseases. People come from 
near and far to drink from them and bathe 


go 




This diagram shows you what makes an Artesian well. 
First there must be a bed of porous rock that comes 
to the surface at a higher level than the well and at a 
^ace where there is water — perhaps many miles away. 
This porous bed, which is often sand or sandstone. 



I’boto by Colorado 8tatr AKriouliurul llximriniQtit tSladuu 


The ancient Greeks would have thought that this touch of Neptune’s trident, or by a elan«;ing blow 

gushing Artesian well must have been caused by a from the hoof of winged Pegasus I 


must be covered by a layer of rock through which 
water cannot pass— in this case, shale. Then if a well 
18 dnven at the level shown, the water will flow like 
a fountain because of the weight of the water above. 
The principle is illustrated in the inset. 


in them. The idea is not a new one. The 
ancient Greek physicians were great believers 
in the curative powers of mineral waters, and 
the Romans discovered and inijiroved some 
of the springs that are still among the best 
in the world. 

How Water Gets Its Minerals 

It is clear that the water must pick up its 
minerals from the earth it passes through, 
for there are no minerals in the rain and 
snow that fall from the sky. Iron, sulphur, 


lime, and various other substances are dis- 
solved out of the rock and sand as the water 
passes through, the kind of minerals it con- 
tains dej^ending on the kind of soil through 
\shitli it has trickled. Often mineral springs 
arc very cold, but sometimes their waters 
have been warmed by heated rocks under 
the earth. Such is the case in the famous 
springs at Bath, in England. 

The work of water in chiseling away the 
surface of the earth may be studied every- 
where by anyone with eyes to see; but only 
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a few of us have a chance to explore the 
famous Echo River, which flows imder Ed- 
monson County in Kentucky. 

In certain places this strange underground 
stream runs gently and may be explored in a 
small boat. At other places the current is 
swift and completely fills its tunnel. But 
for half a mile visitors may ride over the 
clear waters and marvel at the weird scenery. 
The lofty roof of limestone and the many 
branching avenues and caverns serve as re- 
flectors for sound. Every syllable is tossed 
about and about till it is hard to say where 
it comes to rest. No one can hear those 
whispers from unseen halls without awe. 
“Echo” is indeed a fitting name for the 
mysterious hidden river. 

Lakes beneath the Ground 

There are many underground streams in 
the world, and some of them even have 
waterfalls. They sometimes gather into 
lakes, one of which it was found possible to 
measure; it was 250 feet long and 150 feet 
wide. There is a source of water known as 
the Bottomless Fountain which clearly must 
be connected with such an underground lake, 
for the spring throws up living fish. 

In Florida there are two lakes several miles 
apart which rise and fall together. One an- 
swers the mood of the other as quickly as 
our right eye waters when we get a cinder 
in the left. It is thought that an under- 
ground river has slowly worked its way 
through the ground and now joins the two 
lakes. 

We have seen that lakes may get their 
water from underground — from little springs 
or hidden lakes and rivers. But though 
springs often enter them and help to keep 
them alive, most lakes get their water mainly 
from the surface. Rivers and little brooks 
bring it. So the lakes are not long-lived in 
the world’s history. As compared with the 
millions of years that the earth has been 
here, they seem to last but a moment. 

For often the streams and rivers that feed 
a lake change their courses, or the outlet is 
deepened by the stream flowing out, until 
the lake is drained away and dries up. Some- 
times it is slowly filled with sand and mud 


brought down by the streams that feed it. 
Lilies begin to grow in its still, shallow 
waters. Then come sedges — ^grasslike plants 
that grow in marshy spots. As time goes 
on, more soil is dumped there by the busy 
streams and finally the seeds of trees take 
root. Years pass; man fells the trees and 
saws them into lumber to build himself a 
home. What was once the bottom of an 
ancient lake may now be sown with grain. 

This is the picturesque death that over- 
takes all lakes. The time will come when 
those now in existence will have passed away. 
But new lakes are always being formed. 
When the ones that now ripple in our valleys 
are gone, others will have been born else- 
where to take their jilaces. 

Many of our lakes were formed during the 
great Ice Age. Glaciers (gla'sher), or fields 
of moving ice, crept over the earth’s surface, 
deepening canyons and carving up hills and 
valleys. The soil and rocks which they 
pushed along made dams at the ends of 
canyons that the glaciers had followed. 
When the great ice field melted, its waters 
gathered behind the dams and formed lakes. 
There were no Great Lakes in North America 
before the Ice Age. Where they now lie were 
broad valleys and streams. 

A Mammoth Lake of tho'Tce Age 

Geologists can tell us when a lake appeared 
and what changes it may have gone through. 
They know, for instance, that one large lake, 
which they have named Algonquin, more 
than covered the present sites of Lake Supe- 
rior, Lake Michigan, and Lake Huron. This 
came with the Ice Age. Gradually, as the 
ice withdrew, the water level was lowered 
until, in place of one vast lake, there were 
three smaller ones, as at present. 

It is not glaciers alone that have shaped 
the basins of lakes. Movements of the 
earth’s crust are responsible for a great many 
of them. The Dead Sea, in Palestine, oc- 
cupies a ‘‘fault” basin, formed by the crack- 
ing and slipping of great blocks of the rock 
floor. It has the distinction of being the 
lowest lake in the world, for its surface is 
1,300 feet below sea level, and its bottom 
1,300 feet lower still. 
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Reading Unit 
No. 18 


THE SOIL THAT FEEDS US 

Note: For basic information For statistical and current facts, 

not found on this pagi\ consult consult the Richards Year Book 
the general Index, VoL 15. Index, 

Interesting Facts Explained 
How are dust and sand formed? What is rust? i- 96 
1-95 What is clay? 1—96 

Why does sandstone disintegrate? What is fertile soil? 1-97 
1-95 What do plant roots do to rocks? 

What chemicals found in water 1 -97 

and air attack rocks? 1- 95 What is humus? 1-97 

Things to Think About 

What would happen to life on the What is the fate of all living mat- 
earth if the soil vanished? ter? 

What would happen to soil if ani- What would many farms be like 
mals and plants left no remains to-day if the glacier had not 

when they died? moved over the land? 

Picture Hunt 

How is a natural bridge formed? How is deseit sand changed into 

1- 96 soil? I 95 

Related Material 
How does soil affect our food sup- 2-80 

ply? 2-41 How does fertilizing the soil help 

How does the chemical content plants? 2 45 

of soil affect plant growth? How is soil improved on truck 

2- 45 farn.."'' 9-1 53 

How do bacteria help the soil? How ar^* silkworms used to fer- 
2 -18 tilize the soil? 9-44 

How <lo lichens help make soil? 

Practical Applications 

How do rivers often affect farm How may desert sand be turned 
land along their upper courses? into soil? 1-95 

1-97 Why are some plants plowed 

Why should worms, beetles, and under.-' 1--97 

ants be protected? 1-9 7 

Leisure^time Activities 

PROJECT NO. i : Plant seeds PROJECT NO. 2 : Make soil by 
in clay, sand, and soil, and wa. h combining sand, clay, and humus, 
the growth of the plants. 1—96-97. 

^ Summary Statement 

The soil we need to grow our clay, and humus, 
food supply is a mixture of sand. 
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Grtin by grain giant rocks liko these give themselves ground of white sand and Jad«-grfen sea, are part 

up to the persistent waves The sea will re-deposit of an island lying off the coast of Oarmany On this 

them somewhere else, and many of them will even- side of the island, where the tilted beds point toward 

t^ly go to make up soil on which green grass will grow. the sky, steep cliffs have been fonaed, on the other 

These rugged battlements, bright red against a back- side the beds slope gentily into the water 
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Here is some of the raw material out of which soil is sands of this barren California desert, you could **iiia]ce 

made. If you were to add water and humus to the the desert rejoice and blossom as the rose.'* 


The SOIL THAT FEEDS US 

AH the Food We Eat Comes from the Ground to Start with, and 
Gets Its Substance Out of the Good Brown Earth 


*|E HAVE heard of all the ways in which 
I W I " waves and weather are at 

L- ,1 work to tear down the solid nx-ks and 
turn them into <lust and sand. Burning heat 
and bitter cold make even stone ex[)and and 
contract, and so fill it full of little cracks and 
crevices. I'hen water seejiing in dissolves 
aw^ay part of the solid rock material, such 
as the lime in limestone. And when the 
water freezes it exi)ands-— ainl crack * the 
stone just as surely as if the moisture had 
been dynamite. In the end the solid rock is 
turned to powder. 

Sandstone is largely made of little hard 
particles of quartz, or silica (sTl'I-ka), a sub- 
stance from which glass is made. The}’ are 


all cemented together wath carbonate (kiir'- 
bon-at) of lime. But lime dissolves in water. 
So after the steady drip of centuries only the 
little gritty particles of silica arc left, to blow 
about as sand. 

Then the wind takes a hand. It whips up 
the loosened grains and uses them as a sand 
bl,;st to tile away the rocks still more. For 
the grinding power of sand is very great. It 
will wear liirough window glass in a few 
months. 

Chemicals, too, in the w^ater and in the 
air, eat up the substance of which the rock 
is made. For instance, carbonic (kiir-bSn'Ik) 
acid gas, w'hich may be found in water, at- 
tacks certain rocks and leaves them powder. 
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Photo by U. S G«oioc*aol Survey 

When Neture plucks out of her aged rocks the tiny 
grains that will help to build up soil, she often makes 

Oxygen in the water unites with iron in the 
rocks to form a substance that is entirely 
different from either one alone. Chemists 
call it iron oxide, but you and I call it rust. 
In the making of it the solid rock has been 
forced to yield up its iron, aiid only dust is 
left. 

How the Soil Is Made 

And then the rain washes the sand and 
dust from the hilltops into the valleys and 
piles it there in layers. Wind blows it into 
drifts. Landslides and avalanches dump it 
about; ocean waves pound it fine. And a 
great glacier, happening by during a stretch 
of thousands upon thousands of years, 
crushes and grinds and wrenches till a lofty 
hill is scraped away and an area as big as a 
fann is picked up, kneaded, and dropped 
down again a hundred miles farther on. 
Gradually pretty much all the dry land in 
the world is covered over with powder. 

It is this pow^der that we call the soil — 
and without it you and I would never have 
been bom. Without it humankind could 


strange structures in the process. Here is Edwin 
Bridge, a natural bridge in Utah. 

never have conic to live upon the earth. 

Now there are different kinds of soil, and 
not all of them are fertile. Sand alone will 
not grow much, as you mu.sl often have 
noticed. Dust alone, while better than sand, 
is not very productive; and it can be a great 
nuisance. In soil it is known as clay, and 
clay, because water cannot drain through it 
readily, gets very sticky when it is soaking 
w'ct. The best soils result from a mixture of 
clay and sand; wc call it “loam.” 

But just loam is not enough to raise good 
crops. It is the presence of something else 
still that makes the soft earth fertile. 

Life That Helped to Make the Soil 

Millions of years ago, when our great 
round world w^as still quite young, that 
mighty, mysterious thing we know as “life” 
in some way came into being, We do not 
know how or where it first appeared; wc do 
not know just exactly what it ^as like. But 
we think it first took the form of tiny growths 
in the sea. These changed and multiplied 
and grew more and more complex. Grad- 


96 



THE STORY OF THE EARTH 




ually the hundreds of new forms spread up 
oyer the land, as tiny animals and plants. 
And whenever they died, their lifeless bodies 
went back to Mother Earth — adding a kind 
of substance entirely different from the rocks 
and sand and mud 
which were all that had 
gone to make up the 
solid ground before. 

Finally plants with 
tender little roots be- 
gan to grow. But those 
tender roots, twining 
about in the earth, ex- 
erted the amazing pres- 
sure of two hundred 
pounds to the square 
inch of surface. With 
gentle fingers they 
cracked the- huge bulk 
of the rocks as easily as 
you would pull apart the 
[petals of a flower. The 
acids liiii plants con- 
tained ate away at the 
stone; and when the 
little plaits died, their 
bodies went back to the 
earth again. 

By the time the 
higher animals came into being, the face of 
the earth had been green for a long, long 
time. Earthworms and beetles and ants 
had done their bit by stirring the soil and 
preventing its getting hard, and then, in 
dying, had given their bodies back to it 
again. And as the bodies of ])lants and 
animals decayed, they were changed into 
substances that served as food for more 
growing animals and plants. 


And those are the substances that make a 
soil rich. We refer to them as humus (hu'- 
mQs). Whenever soil contains a great deal of 
humus — decaying plant and animal matter — 
it will grow fine crops. Such a soil is usually 
dark in color. For 
though its original 
shade depended on the 
color of the rocks from 
which it had been made, 
an abundant supply of 
humus always turns it 
darker. 

Sometimes rivers, 
such as the Nile and 
Mississippi, deposit rich 
black mud that they 
have stolen away from 
lands hundreds of miles 
upstream and have 
carried down to their 
lower reaches. That is 
known as alluvial 
(a-lu'vl-al) soil; it is 
sometimes the richest 
in the w'orld. 

Soil may Ixi enriched 
by adding farmyard 
and other natural ma- 
nures, or chemical ferti- 
lizers containing nitrates, phosphates, or 
fwtash. The last is a strong alkali used both 
as a fertilizer and in making gunpowder. 
New Mc.xico has enough potash-bearing ore 
to supply all our needs. Phosphates are 
mined largely in the United States, with 
Florida and Tennessee leading. They are 
also found in Russia, Algeria, Tunisia, and 
on certain Pacific and Caribbean islands. 
Nitrates arc manufactured. 



Photo hy Firld Muaauiu 

Most of the world is covered wiith vegetation. Be- 
neath this you will find loose material— such as 
clay and sand — ^varying in thickness from a few 
inches to many feet. This is known as “mantle 
rock,** and the uppermost part is what we call soil. 
In many places you will find that the mantle rock 
came from the decay of the underlying rock, for it 
will grade into the rock imperceptibly. But where 
glaciers have been, you will often find that the 
mantle rock has nothing to do with the bed rock. 
The ice scrapes off the loose material, leaving a 
bare rock floor. Then, as the diagram shows you, 
the glacier may bring material from somewhere 
else and deposit it on the bed rock. 
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Reading Unit 
No. 1 


THE RIDDLE OF THE SKIES 


Note: For basic injormation 
not found on this page, consult 
the general Index, Vol. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


Interesting Facts Explained 


Why is the year divided into 
months? i— roo 
What is meant by an astrologer? 

I — lOO 

Who was Galileo? i— loo 
Who was Copernicus? i~ioo, 

103 

Things to 

How did the theory that the 
world is round affect the his- 
tory of the Western Hemi- 
sphere? 

How did astrologers both ad- 
vance and hold back the prog- 
ress of civilization? 


What was the Ptolemaic theory 
of the universe? i ior-2 

What is meant by the universe? 
1-102-3 

Who invented the telescope? i - 
103 

Think About 

Which astronomers are known as 
the giants of astronomy? 

How different would world his- 
tory have been if w^e harl kept 
the ancient beliefs about the 
universe? 


Related 

What is an astronomical clock? 
10-465, 468 

Why do eclipses of the moon and 
sun occur? 1-116-18,125-26, 
204 

How do the stars give us the cor- 
rect time? 10-459-73 


Material 

How does the moon affect dlir 
oceans? 1-9, 133, 135, 137, 

9 442 

What is the origin of the names 
of the months? i— 124, 10- 
477, 478, 480-83 


Practical Applications 

How is the year determined? How was the moon used as the 
i-ioo basis of a calendar? i-ioo 

E ei surest i me A cti vi ti es 


PROJECT NO. I ; With the aid 
of star maps, locate some impor- 
tant constellations of the heav- 
ens, I- 1 70. 

Summary 

Astronomy became a science 
when men began to observe the 
stars in order to understand them. 


PROJECT NO. 2: Watch the 
moon for a number of nights and 
make drawings of its changes in 
shape, 1-124, 126-27. 

Statement 

rather than to use them for the 
purjx)se of [)redicting human 
events or of producing miracles- 






When the first men, with minds so dim and eyes so account for wind and the falling rain. No wonder they 
keen, looked at the spangled sky, they no more knew made up strange tales to explain what was going on 
how to account for it than a little child knows how to overhead 1 That was the only “science'* men had. 

The RIDDLE of the SKIES 

From the Earliest Shepherd to the Latest Scientist, Man 
Has Found His Grandest Puzzle in the Stars 


HI’ first man must haM* ^a/ed vi})()n 
IIk* stars with the same uomler as 
you and I. VVdiat ^\ere those mys- 
terious lights, so vivid ycL so calm? Were 
they i)inholes in a great curtain drawn 
across the heavens every night? Were (hey 
the homes of tlie hai)]\v dead? Were they 
shining palaces wliere the gotls sat and spied 
on the men down lielow? Every race and 
every tribe wove its own myths about the 
heavenly botlies, but nearly all the races 
worshiped the sun and moon as gods, . I 
were full of awe at sight of a falling star or 
an eclipse. 

Yet the labor of learned men for many 
centuries has now taught us more about 
the iar-off stars than we know of many 
things right at our vloor. So when you 


have finidi.'d reading this, you will feel that 
sun ami moon and all the starry hosts are 
good aod familiar friends. 

We cannot fix a date for the beginning of 
astronomy (as-tronWmi'l, the science which 
treats of the heav'enly bodies. As far back 
as our history goes men were studying the 
stars anil watching the order of the seasons. 
For when man first gave up a roving life 
and M'fcled down to cultivate the soil, he 
had to fiml s .me way of telling when it 
was time to m)W' and reap. It w’ould not 
take him long to notice that when ^Yinter 
came the sun was lower in the heavens and 
the nights longer, or that, as spring ad- 
vanced, the sun rose and set farther and 
farther north on the horizon. Thus the 
calendar began. 
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It is very likely that the first astronomers 
were humble shepherds, who had plenty of 
time to watch the stars as they tended their 
sheep on Asiatic hill and plain. During the 
long still nights they watclied the moon, 
and as they waited eagerly for her return, 
they counted the days until the first ap- 
pearance of her crescent. They made it 
almost thirty — a period of time we still 
know as a “month.’’ 

I-ater they learned to 
count the time it look 
the sun to travel from 
his highest place in 
the heavens — which 
later peoples called 
Midsummer’s Day — 
south and back again 
to his point of start- 
ing. This was a 
“year”; it still re- 
mains the unit by 
which we measure 
time. Of course they 
did not realize that 
this seeming journey 
of the sun was reall\' 
lue to a change in the 
position of the earth 
as it journeys through 
space. 

It was in China, 

Egypt, and Babylonia that the first real 
knowledge of the stars grew up. Of course 
the early observers took the earth to be 
the center of the universe and thought it 
was much larger than any of the bodies 
they saw in the sky. Naturally enough, 
their chief interest lay in finding out just 
what the actions of the shining lights above 
them had to do with their own fate. This 
led to the growth of a kind of false as- 
tronomy, a system of magic which wi* call 
astrology (as-tror6-jt) — the supposed art of 
reading the influence of the stars in hu nan 
affairs and of foretelling events by them. 

Who Were the Astrologers? 

Not many people now take stock in this 
out\corn belief; but the observations of the 
old astrologers were of great help in adding 
to our knowledge of the heavens. Appointed 


l>y the rulers to positions of high honor, they 
spent their whole time noting down the 
motions of the stars and planets and maj)- 
ping out the heavens. And crude as, were 
their early charts, the patient labor spent 
on them was of great value in the progress 
of the science. 

But the astrologers came to be sad ras- 
The ignorance and sui^erstition round 
them encouraged 
them to stoop to 
every kind of hum- 
bug. They sank into 
mere fortune tellers, 
who tricked people 
into believing that 
they could foretell the 
future. They even 
made a pretense of 
practicing medicine, 
for it was thought 
that the stars could 
control the various 
organs of the body. 

ft was a great mis- 
fortune for the science 
to fall into such bad 
company. For while 
astrology flourished, 
ast ronomy was laid on 
the shelf. No effort 
was made to push on 
in the study of the universe. Indeed, the 
subject really came to have an evil reputa- 
tion, and like many other sciences it had 
for centuries Id make its w’ay against mis- 
understanding ami abuse before it reached 
its present place of honor. 

Copernicus Upsets a Science 

One of its desperate ])attlcs was with 
ignorant beliefs and suixTstitions. Men 
w'cre burned at the stake for saying that 
the earth w'as merely one of the planets, 
and Dalilco — w'ho was born in the same 
year as Shakespeare, 1564 — was thrown into 
prison for supporting the views of Coper- 
nicus (ko-pur'nl-kus), who said that the 
earth is not the center of the universe, but 
travels round the sun. Those were dark 
days, and astronomy made slow progress 
in them. 


cals. 



Of late years astronomy has made amazing strides. 
This is partly on account of the magnificent instru- 
ments that scientists have at their command. In an 
age when the most accurate timepiece to be had was 
the little hourglass, one could hardly expect this old 
astrologer to foretell to a second the time of an eclipse. 
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(Ctl3))) 


On this \ X. X,^ - 

page are -, J ~ 

pictured four _ 

of the many _ — 

explanations de- 
vised by ancient 

man to explain the universe. Three of them, at 
least, will seem funny to you. But before you 
laugh too hard, remember that some of our mod- 
em science may seem 
just as funny to the 

men who live ^ r 

three thousand ^'7'-"- 

years from . »>' 


— — Above is a 

— — “•P 

— universe as 

worked out by 

the Egyptian 
astronomer 
Ptolemy, in the second century after Christ. You 
will notice that the earth is the center of the uni- 
verse, and that the sun and moon and all the 
planets then known 
to man revolve 
around it. 




It'-uiui 
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The aged Galileo has just been forced to declare that 
he believes the earth to be the center of the universe, 
and to renounce his theory that the earth revolves 

Hut an error cannot stand forever. A 
happier day was dawning, when jieoplc 
were not so much afraid to know the truth 
-and with it dawned the golden age of the 
science of the stars. Old childish beliefs 
could be cast aw'ay, and there were plenty 
of them that had to go. Our early fore- 
fathers, for instance, had thought the earth 
was Hat — a mistake for which w’e surely 
can forgive them — and had invented various 
theories as to what held it up. Some of 
them were sure it was suiiported by four 
white eU*i)harits, who in turn stood on tlie 
back of a huge tortoise. An earthquake 
was easy to explain as a result of the nat- 
ural restlessness of these unhapi)y beasts. 

The God Who Held Up the World 

Others thought the earth was carried on 
the shoulders of the god Atlas. To ♦hem 
the sky was a gigantic dome in which the 
.stars were set; across it every day the sun 
w'as hauled in a blazing chariot by four 
hery steeds. It is doubtful wliether wise 
men shared these fanciful beliefs, but even 
they looked on the earth as the center of 
the universe. For a very skilful i)lan of 


around the sun. He was condemned by u tribunal ul 
churchmen, because his theory was at that time 
believed to be against received Bible teaching. 

things had been l)uilt up around that belief 
by an astronomer nanu‘<l Pli)l(‘m\ (tol'e-ini), 
who lived in I’-gypl in the second century 
after Christ. It is called the Ptolemaic 
(tbre-ma'ik) astronomy, and ll reigned some 
Jifleeii centuries, until the ideas of C'oper- 
nicus overlhnwv it. It was a very clever 
way of accounting for the movements of 
all the bodies in the universe, but unfortu- 
nately its starting ])oint w^as wTong. 

What Is the Universe? 

Perhajis wc should explain just what we 
mean when we siicak of the universe. It 
is the term we use when we W’ish to s[>eak 
of the sum of all existing things — of all 
creation, whether here beside us or as far 
away as thought can travel. It extends in 
every direction for countless billions of 
miles. Our little earth, which men once 
look to be tlic center of it, is merely one of 
the unciiunted millions of bodies in it — and 
a small one, at that! We cannot lx? sur- 
prised that men of old made the mistake. 
"I'he earth looks very large to us — much 
larger than the other heavenly bodies. How 
could our ancestors, long before there was 


lOJ 



Every time a ship rises above the horizon it proves other explanation of the fact that the masts come in 

anew that the earth is round. For there could be no sight long before we see the hull. 

ii Ic'lcscope. susj)(H'l llial tlic sun \\as a notion- lirNi siah‘<l hy a Greek named 

nnllion limes as as (lie eartli, and that Arislareluis (ar'is-lar'kiis) in the third ccn- 
some of llie stars were far larf'or >1 ill? Kveii Uiry n.(\ -that the earth is not llie center 
lo-day ^^e can hardly reali/a* that in com- of ihe universe, but merely one of several 
parisoii with the whole univeise our earth planets that circle round the sun; and it 
is but a S])eck" a ‘'rain of sindl was ii » • ‘i man named Johannes Kepler 

'Fhe real science of astronomy begins at (1571 -i(>. ), who had the honor dis- 
the jioint w'hero men stopped listening to covering certain of the laws of motion wdiich 
myths or guessing at e\i)lanations, and guide lliese jilanels in their courses. 
simi)ly Irieil to learn the facts. An ancient Galileti fgarMe'o), an Italian, became 

(ireek, ]\vthagoras (pI-lhag'o-ras\ seems to famous l\)r all time when in if) 10 he jjer- 
have known W'cll enough that the earth is fected the telescope which had been in- 
round, and Aristotle (ar'is-tnt''l\ another vented by a Dutch optician, Lii)i>crshey, a 
famous (ireek philoso])her, knew' it still hwv years earlier--and wnjle a book to tell 
bettor. 'Hie really wise men were conviiued what he had seen through it. 
of it from that time on, but it was over Aftci that it was not long before Sir 

eighteen centuries before th(‘ bict was ls.aac Newton (i() 4 -“i 7 “ 7 )> KngUsh 

commonly acce|)led — wb<*n Columbus 1 1 malhcmatK Kin, sht.)we<l that the earth and 

crossed tiic ocean and Magellan had sailed all thtM)t her heavenly bodies are hehl to their 
round the w'orld. courses by the force we know as gravitation 

ft was Nicholas Copernicus (147.^-154^''. (grav'i-tfi'shuiO. 'I'hese four men were the 
a Polish astronomer, who developed the giants of astronom) . 
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Reading Unit 
No. 2 


THE WHIRLINO FAMILY OF THE SUN 


Note: For basic injormation 
not found on this pa^c, consult 
the general Index, Vol. 75. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


Interesting Facts Explained 
What is meant by the solar sys- 


tem? I -1 05 

What is a planet? i 105 

What is a star? 1--105 

How do planets ^et the li^ht 
which makes it possible for us 
to see them? 1-105 

'r kings to 

If the planets had remained ex- 
actly like the sun, what would 
have happened to life on the 
earth? 

Why does the length of a day 


How does the moon get its light? 
1-105-6 

What are the relative sizes of the 
different planets? i 106 
How far away is the sun? i- 106 
Who was Kepler? i-to6 

Think About 

differ on the different planets? 
Why do the different planets have 
years of different lengths? 
Why does a planet always follow 
its orbit? 


Picture Hunt 


Why are astronomical observa- 
tories built on mountain tops? 

Related 

What optical instrument is used 
to determine the composition, 
of heavenly bodies? 1-187 

VV’hat part does centrifugal force 
play in the solar system? i~ 

Who was the first to tell the world 
that the earth moved about the 
sun? 13-394 

Whiit difficulties did Galileo en- 
counter as a result of telling 
the world about his discov- 


1-105 

What are the planetoids? 1-106 
Material 

enes? i-ioo, 102-3, 294, 13- 
397 - 9 « 

What is the i>rinciple of the as- 
tronomical telescope? i 185, 
188, 189, 13-401. 403-4 
Who were the astronomers of 
Greece ? 1103, 1 1 3 . 1 69- 70 . 

^77, 5-i6o. 172, 13 2 
What were some (ireek and Ro- 
man myths concerning the con- 
stellations? I 178, 14 -425-32 


heisure-tifne A ctivities 


PROJECT XO. f ; Make a chart 
of the solar system, i -T05-6 
PROJECT NO. 2 : Make a small 

The family of the sun consists 
of nine planets, with their satel- 
lites, all moving along regular 


model of a planetarium from clay 
or plaster, i- 105-6. 


orbits around the sun. Some of 
the planets have satellites of their 
own. 


Summary Statement 
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riioio b.\ l.nk < 

After James Lick, a California miner, had cast about 
for the best monument to leave to his name, he finally 
decided upon the great observatory above. It was 
built on the top of Mt. Hamilton, in California, and 
the body of It- founder rests beneath tbe base of the 


great telescope. High above the clouds and the dust- 
laden air of the lowlands, the Lick Observatory gives 
the astronomers at the University of California, ot 
which it is a part, a chance to study the heavens 
under the most favorable conditions. 


The WHIRLING FAMILY of the SUN 

How His Nine Children Race around Hint about a 
Thousand Times Faster than an Airplane 


ITK c.'irly aslroiioiiK'rs bclicvcvi the 
earth was nuirh llic largest l)ody in 
the universe. 'Phis was a natural 
mistake, for the earth was elose at hand ami 
there was no way of linding <nit the .si/c of 
suns that were millions of miles away. Tn 
order to avoid the same error, let us lly in 
imagination to a point whtTe we can get a 
bird's-eye vkwv of our sun and its circle of 
planets and sec them all in their true ]m> 
portions. 

What a .suri)rise! When we arrive at our 
destination, we fmd that I lie earth has left 
the sky. No, no - not quite! A little d < 
of light is still there in the distance -show- 
ing the true j)roportion of our Mother Karth 
to the great sun, wliich from this point is 
by far the largest body in the heavens. 

Hut what are those eight other “stars” 
w^hich' like the earth, arc dashing round the 
sun at different rates of speed? They look 


a bit like little marbles all rolling round on 
separate ’•ace tracks, one track inside an- 
other. se eight “stars” arc the sister 
l)lanets of ihc earth. Together with the 
earth, and with the sun, moon, asteroids 
(as'ter-oid), comets, and meteors, they form 
our solar (so'lar) system, which takes its 
name from “sol,” the Latin word for “sun” 
— because the sun is the center around which 
the other i>v)dies revolve. 

We must not make the mistake of think- 
ing thi^ the nine ])lanets arc really stars. 
Stars are very and bright, like the sun; 
and thi‘y do nv»L move about as planets d<\ 
In a word, they are distant suns, more or 
less like our own. Planets, on the other 
hand, do not shine with their own light 
tliey merely reflect the light of the sun. 
From the imaginary point in space on 
which we are standing, old Mother Earth 
seems to shine like a star; but she is only 
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doing what the moon docs — she is rcJlccting 
sunlight. 

The word ‘‘planet” has a pretty history. 
Early Greek astronomers did not know (hat 
the sun had a whole family of worltls, of 
which their own world was a member. But 
they had noticed that, while most of the 
stars kept to a fixed [)Iace in the i)altern of 
the skies, there were just a few that roamed 
about, free to pursue each one its own 
course. So they called these roaming bodies 
“planets,” which in the Greek means “wan- 
derers.” 

I’he planets have been given names, which 
we shall list in the order of their distance 
from the sun, beginning with the little 
fellow that is nearest: Mercury, Venus, the 
Earth, and Mars — the four small worlds 
known as the inner jdanots — and Jupiter, 
Saturn, Uranus (ii'ra-niisb Neptune, and 
Pluto— the five outer planets. All of these 
travel around (he sun in paths which the 
astronomers call orbits (dr'bTtb and are 
held to their courses by the niy*=^t(Tious force 
of gravitation (grru'i-ta'shCm), of which wx* 
learned in the story of the earth. 

Tt w’as Kepler who tracked the (lying 
worlds and discoven'd the great laws by 
which each one finds Us way. Tfis remark- 
able discovery was one of the greatest of 
all time, for it enables an astronomer to 
tell just where any planet was, no matter 
how many thousands of years ago, and 
just where it will be, no matter how’ many 
thousands of years in the future. The three 
great laws that Kejdcr discovered sound 
simple enough: (i) that the path of every 
planet is an ellipse (e-lips'), or llaltened 


circle, with the sun a little to one side near 
the center of it, ( 2 ) that the sjieed of the 
planet as it dashes along varies after a cer- 
tain fixed rule as the body reaches ilifTercnt 
parts of its orbit, ami (,0 that the length 
of lime it lakes a jilanet to circle round the 
sun has a definite relation to its distance 
from tile sun. These arc thcjtiws that steer 
every scurrying Ixxly in the solar sy.stem; 
(hey arc the stern rules by which the sun 
controls liis nstless family of children. 

But f)erhaj)s 3’ou did not know that every 
world we have discov’cred is really a child 
of the sun and was once a ])art of the great 
liall of fire that warms us still and hole Is us 
all chained at a certain distance from him. 
h’or at a given distance from him tlu^ ]>Ianets 
all whirl, each one at the end of the unseen 
cable (hat we call gravitation and each one 
at just the right sjieiHl to continue in the 
.same jxilh. We cannot escajic; we cannot 
get hack to our parent. Hung in the cold 
depth of sjiace, (*ach loiK'Iy world hurries 
on and on. y(*ar after \(‘:ir, age aftiT ag(’, 
and cannot (W'cai signal to his brothers ami 
sisters in passing. We see the oiIkt worlds 
gleaming aloft at night those that are near 
enough to b(‘ seen at all and we turn around 
once every day to receive tlie glowing kiss 
of our parent sun. Hut on and t)n we must 
voyage, whirling anti circling without ever 
jolt or jar; sjieeding indivd so smoothly that 
we cannot tell w'e are moving. 

.So far as anyone knows, this must keep 
up forever and ever - or at least for st) many 
millions of years that man cannot stay on 
the earth to count them Our race is but an 
incident in the life of the universe. 
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Reading Unit 

No. 3 


flKAT AND IJCJH'r FOR NINE WOREDS 


A otf’: For basic injorniation 
not found on this pa^i\ considt 
the f»cnrral Index, Vo), i^. 


For statistical and current facts, 
cons 7 i/f the Richards Year Book 

Ind( X. 


! nterestinji P 

What is Ihe state of matter tm the 
sun? I 109 

Which common earth substances 
have not been foiiiKi on the 
sun? I lOQ 

H*jw far away is the sun? 1-J09, 

* ‘ 5 

How flo astronomers study the 
7'hinjts to 

How does the sun mo\e? 

V\i\ do 1h<‘ seasons chan^e^ 

W’hat part of the sun's energy is 


'.9 Explained 
sun? I 109-10 

What is the sun's surface temper- 
ature '' I 109 

How large is the sun? i iio 
What dr all Tires on the earth 
need in order tf> burn? i - i 13 
What is the source t>f the sun's 
he w ■-* I --- 1 13 

Think About 

available t(» iis^ 

H<»w do sun spots affect the 
earth? 


Picture Hunt 


W’hat causes an eclipse of the Why do we have night and day? 
sun? 1-T08 I iiS 


Related 

What were .some ancient beliefs 
abtuil ecli[)ses? 5 160 
How can energy be obttUned di- 
rectly from tile sun? 1 348- 

50 

Hf»vv may a study of the sun ]ielj> 
us to fcjrecast the weather? 

I 206 


aterial 

How dties the sun provide our 
foi>d supply? 2 300 
What determines color? i 419, 
43 ^ 

Why dr- our plant life depend 
upon ihe sun? 2-43, 50, 194, 

223 


Practical A pplic€itions 


How may a study of the sun help 
us in long-range weather fore- 
casting? I -200 

How may a person use the sun's 
energy to light a Tire? i 115 

L eis u re~ti m e 


What do sun spots tell us about 
1 he sun ? 1-112,114,110,117 

How ma.y man some day be able 
tt) gel his supply of electricity 
directly from the sun? i 113 

A ctiidties 


l*ROJJC("'r XO. I- Make i to show the cause of day and 

model eclipse of the sun. i -lOtS. night, i -t 18. 

PR( 3 JK( T NO. 2: Learn how 

S It m fnary S tate»n e nt 

The sun [irovidcs the planets earth depends almost entirely 

with heat and light. lafe on the upon the sun's supply of energy. 


107 




Occasionally the moon comes squarely between the 
earth and sun for a moment* and looks like a black 
disk against the sun. If only part of the sun is blotted 
out, we have a partial eclipse, shown in the square 
inset. But if the moon is in a position to blot out the 


whole sun, we have a total eclipse. Then the moon’s 
black shadow traces a long dark line on the spinning 
earth, as shown above. The boy in the oval is illus- 
trating an eclipse of the sun with a large and small apple 
fo” the earth and moon, and a flashlight for the sun. 
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Aurora, goddess of dawn, has thrown open the purple 
portals of the east and is strewing the way of the sun 
god with her roses. The Aery steeds have just been 
harnessed to the chariot by the Hours, who hand the 


reins to Apollo as he takes his place to drive his golden 
car across the sky and bring day to the earth once 
more. This famous picture was painted by Guido 
Reni, an Italian painter of the xyth century. 


HEAT and LIGHT for NINE WORLDS 

Once Supposed to Be a God, the Sun Is Now the Furnace 
and the Dynamo for AH the Worhis We Know 


HE men of old niado up many a 
pretty tale to ONplain things which 
our modern sclent i.^ts will toil h r 
years to understand. They were pretty sure 
to look on any great force of nature as a god. 
'Fhus for the early CJreeks the sun was Aixillo, 
the most glorious of all the deities and the 
patron of medicine, music, i)oetry, and all 
the arts. Every day he drove his shining 
chariot across the heavens, from the gates 
of the dawn, llung oi)en by the “rosy-tingere<l 
Aurora,*’ to the western ocean, where a 
golden boat was waiting to bear him back 
to his ])alace in the east. On his faithfulness 
rested the widfare of man. 

Now whether or not all the i)eoj)le be- 
lieved this fantastic tale- -and surely the 
wise ones thought of it merely as a good 
story they certainly knew that all life 
depends upon sunlight. For this rea«"n 
many peojdes, such as the ancient Persian^, 
worshi])ed the sun as the highest power in 
the universe. Hut they never dreamed that 
he is the center around which the earth 
travels or that he is much larger than the 
earth -and probably they never guessed 
what be is made of. 


TIow’ should they? A ball of tirel Hut 
that <ioes not tell us much. We are left 
still wondering what it is that burns. Unless 
voii ha<l read the story of how the earth 
was made and knewv that w’c w^re once a 
part of the sun's glowing body, you w'ould 
never .suspect that earth ami sun are com- 
po.sed of the very same materials. To be 
sure, our ^ wn familiar sub'.tances -iron and 
(opper, nhkel, silver, zinc, aluminum, and 
mangane'^e (mang'ga-nes') -arc present in 
the sun only as gases, and not as the solids 
that we know’; but that is only because they 
are so hot. Phosidiorus (fos'fbr-us) and sul- 
phur, gold and mercury have not been found 
there, but I'orty of the other substances that 
chemists know have been discovered. 

1 1 'bounds like magic. How can wc tell 
what goes to form a body ,000 ,000 miles 
away? Hut m.Alern science can work these 
miracles. No one has ever made a journey 
to the sun, but a knowing little instrument 
calletl a spectroscope (spek'tro-skop) tells 
us a great deal about what the sun contains, 
rhe spectroscope is handmaid to the tele- 
^cope. It takes a ray of sunlight and 
separates it into all its various parts — for 
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every substance, when heated to the tem- 
perature existing in the sun, gives off its 
own especial kind of light. 

All this is possible because the sun is so 
very hot. All the substances in it exist in 
the form of gases, hotter than any tem- 
perature man can create. So we must not 
think of the sun as containing 
lumps of iron or gold or 
when 

to tempera- 

2 ,- 

700 degrees 
Fahrenheit, 
turns to a 




was '^richly stored with inhabitants, dwell- 
ing amid romantic scenery and luxuriant 
vegetation.” One wonders just what people 
Avould be like if they could live in such a 
furnace. 

As a matter of fact, if our own solid earth 
were healed in some big oven to such a 
_ tremendous temperature, its 

woujil 


wV, 

few;' ' V**- , 5' rV* 


deal higher, the metal^^^^H 
boils and “iron vapor” is 
given off — just as steam is 






i'v h'o'’* ' ‘fiClajS 


In other 
. words, it 

would be in 
w t h e s t a t c in 
which the sun 
ow is. 

Can you picture the 


given off from boiling water. This is a picture of the sun, uken si/.e of the sun? Probably no 

In this state the iron may be through the grMt 4o-inch telescope om; We have no trouble 
,11 T^* s. *. at the Yerkea Observatory, in Wis- . . , . . 

called a gas. rirst it was consin. The small black dots are ni imagining the si/e of a pm- 


solid, then liquid, then a gas— spots" - greet whirlpools on 

j : . ^ ® .the sun’s surface — ^and the bnght 

and It is as gas that iron and spots are very brilliant patches of 
all nth#»r ciibQf-jinrpQ pvict in calcium vapor. 


all Other substances e,\ist in caiciun 

the sun. For the temperature is around 
n,ooo degrees Fahrenheit on the surface 
of the sun, and immensely hotter at the 
center. 

How Big Is the Sun? 

All this makes the opinion of one of the 
older astronomers rather funny. He re- 
garded the sun as “a solid globe girt round 
with cloud and fire,” and believed that it 


-a?d th^brigM '' football, or even a 

lliant patches of mountain; but we cannot 
^***®*^’ imagine the size of the earth 

as a whole -and even the earth is small 
when com})arcd with the vast bulk of 
the sun. The earth has a diameter of 
7,gi8 miles, while the sun has one of 
865,000 miles; and this means that the sun 
is more than a million times larger than the 
earth. If you were to take a chunk as big 
as the earth out of the sun every day, you 
would need 3,600 years to finish the job. 
So you can see that even if the earth were 










a ball of fire like the sun, it would be barely 
visible from the sun^s surface. In com- 
parison with the sun, it is about like a pin- 
head to a pumpkin. And al- 
though a chunk of “sun 
stuff,” being gas, 
does not weigh so 
much as the 


ta^shtin), but that is just a useful name, 
describing how it acts. What the force 
really is and how it pulls, we have never 
yet learned. 

Its laws have been easier 
to find out; we know’, 
for instance, that 
the sun a 
who 



amount of 
earth— only 
about a quarter 
as much — the sun 
is so much larger that 
its total weight is 330,000 

times that of ^ . 

4.1. 4.1. 'Kr 4. giant disk is the sun, with flames darting out from it on every side. . , . « , , 

tne eartn. yet upon its surface we have drawn various pictures to help give you an ^ne eartn W’OUla 
even our babv idea of w^t the s^ is really Kke. At the top is the sun wiA its family pull upon 4,700 
, . , .-'Of nme planets, all of them drawn to scale with relation to the sun. ^ \ 

earth weighs six Below them are two scales, the one at the left loaded with a cubic foot pounds. 


weighs 168 
pounds at 
home would weigh 
4,700 pounds. Or, 
putting it another way, 
the sun would pull at him 
as powerfully as 


Im- 


h e 


of earth stuff, and the other with a cubic foot of sun stuff. You will o ^ i u c t 

notice that the weight of the gaseous sun stuff is only 88 pounds, while a ^ ^ ^ ^ 

the earth stuff weighs nearly four times as much. Beside the scales strength he 
is a pumpkin. Let us suppose that a pin is lying near the pumpkin. * j ^ 

The head of that pin bears about the same relation to the pumpkin in WOUlcl require 
size as the earth bears to the sun. If the express train that you see is to lift an arm or 
j. • t . . traveling at the rate of forty miles an hour, it will take 72 yeais, 3 . . . 

It IS nis tre- months, and 19 days to travel round the sun; and if the boy below at take a Step. Me 

mendous size .• "i; would be rooted 

... , day, it would take hun 3,600 years to move the whole of the sun. At 

which makes the lower left hand are two pictures of the same boy. In the one at to the selfsame 

f h p 11 n t h P the left he is standing on the earth, and weighs zoo pounds, but the (rxr- oil 

. u me thows him standing on the sun, where he weighs 2,800 pounds. all 

center around eternity. 

which all the planets wheel. That is the It may be interesting to add that the same 
secret of the force with which he holds them well-developed man would weigh only twen- 
ty-eight pounds on the moon. For the 


sextillion — 6,- 
000,000,000,- 
000, 000,000,- 
000— tons! 


near him. We call it gravitation (graVl- 
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moon is so much smaller than the earth 
that it can pull with only one-sixth of the 
, force. Our traveled gentleman would feel 
almost as light as air! 

Will the Sun Ever Go Out? 

Times arc always changing. An ancient 
philosopher named Anaxagoras (an'fik-sag'- 
6-ras), who was born live hundred years 
before Christ, was put in prison for saying 
that the sun was a huge ball of fire, possibly 
as large as his native country of Greece! 
Surely, you will say, it is ridiculous to send 
a man to prison for such a harmless state- 
ment. But the statement did not seem so 
“harmless” to the Greeks — it interfered with 
their religious faith, for they had worshiped 
the sun as a god. And they could think of 
no answer to the argument excefit to throw 
the w'ise man into prison. 

The disa|)pointing thing about a bonfire 
is that it lasts so short a time. No matter 
how big we make it, it will soon burn out. 
Now if th( nn were allame in just the same 
way as a bonlire, it too would soon die down. 
Because it is so large, it would last a very 
long lime in comparison, but in about five 
thous^ind years its glowing ball would have 
burned up entirely. We can be sure, ihert- 
fore, that the sun burns wdth quite another 
’kind of fire, for its rays must have .shone 
upon the giant forests that went to lay down 
our coal fields millions of years ago. 

How the Sun Gets Its Heat 

The kind of fire we rnuke will not burn 
without air. Since there is no air around 
the sun, it is clear that its terrific heal must 
come from some other kintl of “lire” than 
that which burns inside our stoves and 
furnaces. 

Accordingly, wc believe that the heat in 
the sun results in part from the ama/ing 
fact that gases, if they shrink, grow very 
hot. On account of its own gravity, the 
iun’s diameter is constantly shrinking, ^or 
the mass at the center is constantly pulling 
in the surface. The seething gases of which 
it is made up are therefore kept at a tre- 
mendous temperature. 

But if its shrinking gases help to keep it 
hot, an even mightier force raises its heat 


to unimaginable heights. For the sun is 
nothing more nor less than a great dynamo 
of electricity. Changes constantly taking 
place in the substances of which the sun is 
made free such mighty forces as men in 
bygone days could never dream of. They 
warm us and light us and give us pulsing 
life. Man has only just begun to find out 
what they arc, but when he learns to harness 
them, we shall have marvels to take our 
breath away. 

Why the Sun Does Not Go Out 

This is the reason why the sun has never 
burned itself out and why it does not seem 
to grow noticeably cooler. Its heat will last 
for millions ui)on millions of years — far 
longer than the human race can hope to 
stay on the earth. People who live a hun- 
dred thousand years from now wdll find its 
friendly warmth not one whit colder and its 
light not one whit dimmer than they are 
to-day. Recent discoveries as to the nature 
of atoms— the tiny particles of which all 
matter is composed — show that the sun’s 
heat can be maintained for indefinite ages. 
'I'hc enormous quantities of radium and like 
substances which the sun contains will con- 
tinue to give off heal and light for a longer 
time than man can measure. 

We have already seen that the sun is not 
solid like the earth, but is a ball of hot gases, 
'the great magnetic cloud of which the sun 
and earih and all the other planets were 
once pair* was whirling rapidly before it 
was broken up, and its parts all spin to 
this day, because there is nothing to stop 
them. 

Does the Sun Move? 

Tt would be very hard to find out the 
speed with which the sun is turning if it 
were not for certain si)ots that mar its shiny 
disk By careful watching we can see them 
move slowly across its face from east to 
west. Then they disapjiear, and are not 
visible again until they show once more 
upon the eastern side. On the equator of 
the sun it seems to take them twenty -five 
days to get around. But the farther they 
arc from the equator, or the nearer to the 
poles, the longer it takes them, curiously 
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enough, to turn. Half way between pole 
and equator they take days to rotate. 

But in addition to its spinning the sun 
has another motion. It is constantly drift- 
ing through space at a rate of twelve miles 
a second, or a million miles a day; and as 
it drifts it carries with it— in the powerful 


German-English astronomer, who first saw 
that the appearance we have just described 
might explain various facts in the heavens. 
In 1783 he noticed that certain stars in the 
northern sky appeared to be moving farther 
apart, but that others in the southern sky 
appeared to be coming closer together. He 



Here are four pictures of the sun, taken on four suc- 
cessive days. The black dots are sun spots, and their 

grasp of gravitation— all of its planets and 
their attendant bodies, the earth and moon 
included. 

How We Know the Stars Move 

Astronomers have made out the general 
direction of this majestic movement and its 
rate of speed, but they do not yet know 
just what kind of path the sun is tracing. 
They only know that in a hundred year.® 
it has not swerved noticeably from a straight 
line. 

Let us suppo.se that some evening you 
start to drive dowTi a long straight street. 


movement from right to left shows that the sun is 
constantly revolving in that direction. 

concluded that the reason for the apparent 
change must be that we are moving toward 
the stars that are opening out and away from 
those that are closing up. But if wc were 
moving thus, our sun and all its other whirl- 
ing children must be so moving too, for all 
are held together inescaj)al)ly by the sunV 
gigantic arms — that is to say, by gravita* 
tion. Accordingly, Ilerschel was able to 
state that our sun is drifting toward the 
constellation (kon'sle-la'shtifi), or group of 
stars, known as “Hercules” (hiir'ku-le/d. 
I'he discovery of this drift and of its rate is 
one of the marvels of modern astronomy. 


Its lights-two long even As you look behind you from an .utomoba. An.l not only have we 
rows — stretch out before that is moving swiftly down a long street, learned that our own sun is 
you till, far in the distance, S^*n*rr^r®^Sd“n.*ll?ertogether. drifting. All the suns— or 
they seem almost to meet; by this “law of perspective” that we can stars— in the great universe 
and yet, no matter how far rge“m*’tlEro:3r "Ac*'! iire traveling also, at vary- 

on you go you find that ^1?.^ r, ‘rkn^w^U”?™ though 

iney are always the same because we are leaving them farther and Oil account of their tre- 

farther behind. 


distance apart. When you 
have traveled to the very end, you will 
will discover that at the point from 
which you started the lights now' 
look as close together as they had 
first seemed to be at the end where 
you have just arrived. And w'hen 
you are halfway down the street, 
the rows will seem to run together both 
ahead of you and behind you. 

It was Sir William Herschel, a great 



raendous distances from us 
they seem to move very slowly. It is 
only because each one swings along 
at his ow n rate and in his own di- 
rection that WT find it possible to 
observe their motion. If they were 
all moving at the same rate and in 
the same direction, we should have 
no w^ay of telling that they moved at all, for 
there would then be no point from which to 
observe their passing. 
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But the problem of mapj)ing out their 
courses is tremendously puzzling. Imagine 
twelve rowboats out at sea, away from sight 
of land, and all moving at different rates of 
speed m different directions; ancl suppose 
the boat that you are in is moving too. 
You can see at once how hard it would be 
to find out the speed of all the various boats. 
Vet that would be as nothing to the problem 
of calculating the speed and pathways of a 
multitude of stars trillions of miles away. 

How Far Away Is the Sun? 

If we cannot imagine the size of earth aiul 
sun, no more can we imagine the enormous 
distance between them. If you should start 
to walk it at a rate of four miles an hour 
for eight hours a day, you would be .some 
eight thousand years old before you reached 
your destination. .\nd if an express train 


enough to get up steam in the boilers of all 
the factories in a large city and to keep 
them going for countless thousands of years. 

You have doubtless exi>erimcnted with a 
“burning glass.” An ordinary watch crystal 
will do. If you hold it with the hollow side 
down, you can gather together all the rays 
that fall on the crystal and focus them on a 
piece of paper until it is so hot that it will 
take fire. We are told that a famous Greek 
philoso[)her named Archimedes (ar'kl-me'- 
dez), in the third century before Christ set 
fire to Roman warships by directing the 




1 


you reached sun’s rays upon them 

ixpress train through the use of clcv- 

^ crly constructed mirrors on the 

neighboring shore. The tiling 
would be ])ossible. 

If we made a bonfire of all the coal in the 
world, the total heat it would give out would 

This express train started out for Iw no more than what the SUn 
the sun on the day the Pilgrim gives OUl ill a tenth of a sec- 
Fathers set sail from Plymouth to i • r ai_ 

come to America — and it reached 1 here IS no lire on earth 

its destination only a little while to which the SUn’s heat can 


had set out in 1620, on the day offourmilSUn 
the Pilgrims started for America, a day, he will 
it would only recently have 
reached the sun. l^ir ninety- 
three millions miles is .a long way, and that is 
the distance to the sun. A ray of light travels 
186,300 miles a second, and yet it takes 
eight minutes and twenty seconds for a 
sunbeam to travel to the earth. If light 
from our own familiar sun takes such a lime 
to reach us, what must be the time required 
for a ray from the far-distant stars, trillions 
and trillions of miles away? 

The sun is constantly ])ouring forth heat 
at a rate that our little imaginations find im- 
possible to grasp. Our earth receives b^ ♦ a 
very tiny fraction of the total output — 
about j.joo'.Lo.ooo it- for the sun lavishes 
its w'armth through all sj>ace. The sun is 
so hot that if wc could catch and store all 
the heat sent out by an area on its surface 
no bigger than a town lot, ther‘ would be 


ago. The boy, if he lives, will be , 1 * 1 x • 

an old, old man before he reaches be compared. And yct, in 

S*foria'2U“nter:lgf.*h.T.^ generosity the 

a day, he will be eight thousand suil does not seem to COOl off. 


years old when he finishes his 
journey. 


Ucy. It has been warming space 

for millions of years and as 
yet w’e c.iiiiiot feel that its heat is decreas- 
ing at all. 

bpots on the Sun’s Bright Face 

To tile ancient Greeks the sun’s bright 
face was the most spotless thing in nature, 
file telescope told a different tale, but long 
before its coming the Chinese had discovered 
that the golden disk was spotted; in fact, 
they knew it some two hundred years after 
the birth of Christ. 

What are the syiots? They look like very 
dark blue patches, and represent gigantic 
holes in the sun’s white surface. But this 
does not mean that the .sun is dark inside, 
'fhe holes arc thought to be great whirlpools 
caused by huge magnetic storms, 'fhey 
look dark only because they are less bright 
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L'lan the area around them. If you could 
[jJace a brilliant arc lannp against tiie surface 
of the sun, it too would look quite black— 
a good deal darker than the spots. So the 
sun spots are not really black, but only seem 
to be. 

These spots are of tremendous size. The 
s mallest is live hundred miles across, and 


numerous during the period when there are 
a great many sun spots. Lucky for our 
earth and all the other planets that they 
are at a safe distance I 
But even though we are 93,000,000 miles 
away, those '^stormy'’ seasons on the sun 
affect us here on earth. They upset our 
electrical instruments and arc thought, by 



some are so large that the earth could be 
dropped into them. In fact, the giant planet 
Jupiter might be slipped into certain pf 
these cavities without making a ripple in 
their margins. 

How Sun Spots Affect the Earth 

There are not many days when the sun’s 
face is quite clean. Nearly always there 
are a few patches on it, and from time to 
time it breaks out much more violently. 
Occasionally the spots are very large. The 
period of most numerous eruptions— what 
is called the maxima (milk'sf-ma), or ‘‘great- 
est number’^ — comes once in eleven years, 
with the period of fewest erupt ioj is — or 
minima (mln'l-ma) — halfway between. We 
say they complete a “cycle” — or circle — 
every eleven years. 

The largest spots often send forth great 
ffames called “prominences” — sometimes to 
a height of 300,000 miles. These are most 


some observers, to iiilluencjCs the weather. 
The northern lights- called the “aurora 
borealis” (o-ro'ra boVc-a'lis) — arc much 
more frequent and more brilliant at such 
limes. All this is easy to believe when we 
know that earth and sun are both huge 
magnets and that the earth is constantly 
receiving electrical discharges from tlic 
sun. 

One of the most flramatic events in nature 
is a total eclipse (c-klti)s') - or “blotting out” 
— of the sun. Few j)eoi)lc had been lucky 
enough to sec one until recently. But in 
1925 the s|x;claclc had a greater audience 
than it had ever had before in the history of 
the world, for it was visible over a densely 
peopled area in the northeastern part of 
the United States. There people turned out 
by millions on a clear winter morning to see 
the sun swallowed up by what our earliest 
forefathers, in their surprise and fear, be- 
lieved to be an enormous dragon. 
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But we know now that the terrific creature 
that **eats the sun is nothing more nor 
. less than our old friend the moon. It is all 
quite , simple — as are so many things when 
once one knows the explanation. Because 
the moon is constantly circling round the 
earth, it sometimes , 
comes between the 
earth and the sun and 
hides the sun, just as 
a person passing be- 
tween you and a 
lighted lamj) may hide 
the light. This does 
not happen very often, 
for the orbits (or'bit) - 
or race courses — of the 
moon around the earth 
and of the earth around 
the sun do not lie on 
the same level, or, as 
we .say, ‘‘in the same 
plane.” The moon’s is 
lilted sligliu} , oO that 
only occasionally — al- 
ways twice but never 
more than five times in 
a year —can it get in 
line between the earth 
. and sun. Kven then 
it hides only a part of 
the sun’s face, as a 
rule, with the result 
that we have an event 
which most of us have 
seen 

sluil) eclipse of the sun. 

But twice in every 
three years the moon 
covers up the sun en- 
tirely. This is not because it is larger than 
the sun; it is a mere speck in com])arist)n. 
But just as a juainy held close to the eye will 
hide a distant hill, so the little moon, since 
it is so much nearer to us, can blot out the 
huge but distant sun. When this happe 'i, 
the moon’s great cone-shaped shadow' rests 
for a brief space upon a portion of the earth 
and plunges it in darkness. 

Even modern man feels a certain awe at 
seeing the sun wii)ed out. Gradually, as 
the moon’s black disk— black because the 


sun is behind it and the moon’s face can 
receive no light — travels across the sun, the 
light of day dies out. A strange, ghostly 
twilight falls, with weird ashen shadows and 
flickering bands of light playing on every- 
thing. One by one the stars come out; 

V: ;■ ’ *’^1 birds go to rest. Fi- 

nally the moon slips 
into place upon the 
surface of the sun and 
night has come, except 
that round the moon 
there gleams a pearly 
ring or “crown” of light 
known as the sun’s 
“corona” (ko-ro'na). 

For King Sun has a 
halo, or “crown.” As- 
tronomers cannot tell 
us what it really is, 
though some of them 
believe it to be due, in 
part at least, to the re- 
flection from a great 
cloud of “dust” that 
floats around the sun. 

But where, you ask, 
could such dust come 
from, if the sun is made 
of gas? From count- 
less small lumps of 
solid matter — stone 
and metal — with which 
all space is teeming. 
We call such bodies 
meteors (me'te-5r). 
Man^' millions of them 
are know n to enter our 
atmosphere daily and 
thousands of millions 
must fall into the sun each day. It is only 
during a total eclipse, when the wdiole sun 
is hidden, that the corona can be seen. At 
all Ollier times it is lost in the sun’s dazzling 
glare- -w'hich is called the “photosphere,” 
meaning the “sphere of light.” 

The Sun’s Gigantic Flames 

But during an eclipse the corona is not 
the only evidence that the sun is still alive. 
Out from behind the moon there shoot into 
space gigantic flames, the solar “promi- 



-a i)arlial (jiar'- ^ 

This is a view of one of the sun spotS, taken through 
a giant telescope. You may have some idea of the 
size of that vast whirlpool when you see how the 
earth would look if it were dropped into the center 
of the hole. 



US supTOse the ui the picture above is Your house is now in partial shadow, for the earth 
the sun, aim that the little house on the earth is your has spun around a quarter of the way, and it is six 
own home, in full sunlight at high noon. o’clock at night. Evening is rapidly coming on. 



Our boy has spun his earth halfway round, and your Six more hours have passed while our earth swings 
house IS in pitch darkness, for it is midnight. Now round, and the sun is rising at your house; that is, 
China, on the other side of the earth, is having its day. the lamp is just coming into view at that point. 


nences”we have described above. Sometimes lieved that by making a tremendous noise 
they are not visible to the naked eye, l>ut the they alarmed two hungry gray wolves that 
telescoiDC always shows them as they burst had been caught in the very act of eating 
forth from an enveloping cloud of gas known up the sun. 
as the “chromosphere” (kro'mo-sfer), or 

“color sphere.” In fact, with an instru- ^ Great Event for Scientists 

ment called the spectroheliograph (spek'- Though the event lasts so short a time, an 

tro-he'll-o-graf), the ])rominenccs may now eclip.se is the occasion of tremendous prep- 
be photographed at any time. aration and of feverish activity while it lasts. 

The imj)ressive spectacle of the sun^s Astronomers can forecast, thousands of 
death lasts, at most, but a few short min- years ahead, the precise times and places' 
utes— usually three or four and never more where eclipses will occur. Telescopes and 
than seven. As earth and moon swing by, many other scientiiic instruments are car- 
a tiny rim of light ai)i)cars again, thi . time ried at great exi)ense to the part of the globe 
at the moon's other edge, and the sun's where the eclipse is due, and groups of 
life-giving warmth is once more restored to scientists make the journey to take the 
man. The early Chinese fell sure that they observations. It is a highly sporting ex- 
had themselves saved the sun by banging pedition, for if the day is cloudy, all the 
upon pans and kettles and so frightening time and effort go to waste. But if all goes 
the dragon away; and northern peoples be- well, science is richly rewarded. 
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The STORY of the HEAVENS 


Reading Unit 
No. 4 


THE ONLY CHILD OF MOTHER EARTH 

Note: For basic information For statistical and current facts ^ 

not found on this paf'c, consult consult the Richards Year Book 
the general Index, Vol. 75. Index. 

Interesting h'acts Explained 
What is the source of the moon’s origin? 1-122 

light? I 122, 123, 125 Do we see all parts of the moon’s 

What is meant by centrifugal surface? i-i 23-24 

force? I 122 What is meant by the eclipses of 

Which planets have more than the moon? 1—125-26 

one moon? i -122-23 Where and when does the moon 

What is believed to be the moon's rise? 1 — 127-28 

7' kings to Fhink A’>out 

How may the moon have been Why does the shape of the moon 
born? seem to change? 

W hy flo we never sec one side of Why does the moon rise later 
the moon? each night? 

Picture Hunt 

Why is it possible to see the old When does an eclipse of the moon 
and new moon at the same take place? 1-126 

time? 1—127 

Related Material 

How does the moon cause eclipses Which are the moons of other 
of the sun? i 108,117 planets? 1-106,12 279 

What would a person see on a What is meant by the eclipses of 
trip to the moon? 1-136, 299- Jupiter' , moons? i 155 

301 How are 'clipses recorded? i— 

How do some people try to fore- 188 

cast weather by studying the Why was the moon worshiped in 
moon? 1-265 ancient times? 1-121 

Practical Applications 

What is the basis for the length How^ well could we get along 
of the month? 1-124-25 without the moon? 1-122 

E eis u re -ti nt e A ctivities 

PROJKf'T NO. i; With a lamp PROJECT NO. 2; Show why 

and ball, produce the phases of we see only one side of the moon, 

the moon as illustrated on i— 12 i' 129. 

Su m mary State ment 

The moon, which retlects light about the sun and is believed to 

to us from the sun, accompanies have come originally from the 

the earth in the earth's movement earth. 
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Wh0fi earth, sun, and moon are in this position, we Here the moon is on the opposite side of the earth 
see only part of the moon — the crescent. The boy is from the sun, so we see the full moon; that is, the 

holding the ball in the same relation to the light, whole disk is in full light, just as the ball is. The 

His head is the earth, the ball is the moon only partly boy’s head does not here represent the earth, which 
illuminated, and the lighted lamp is the sun. at full moon is really between the sun and moon. 



Now the moon has traveled round to the other side of When the moon is between the earth and sun, we 

the earth; she is on the wane, and once again only cannot see her; the side toward us is in shadow, just 

part of her disk is Ulumiaated for us on earth. as the side of the ball iSt It is the dark of the moon. 


lao 


^hen you gaze at the moon and her company of stars, Egypt and Babylon worshiped her; Greek maidens 
does It ever occur to you that she is the very same like the ones above took her as a type of their own 
moon that men have loved since time began? Our purity; and Caesar, Plato, Moses, Jesus all felt the 
savage forefathers marveled at her; the people of power of her beauty just as you and I do to-day. 

The ONLY CHILD of MOTHER EARTH 

Though She Has Been Dead for Ages, the Pale Moon Is 
Still the Most Beautiful Thing in All the Sky 


HE moon has always had a rather bad 
reputation — it is hard to tell just 
why; for she certainly is the most 
beautiful of all the bodies in the sky. “Oh, 
swear not by the moon, the inconstant 
moon,’' says the greatest of our poets; and 
in the gentle slur he is only echoing what 
countless other men have said. 

Perhaps early men found her changing 
moods too mysterious; perhaps they stood 
in aw'e of her because she reigned at night; 
perhaps it was merely that her cold silver 
suffered beside the glowing gold of her 
brother, the sun. 

For she was early thought of as his sister. 
Diana, she was called — the shy goddess of 
the bunt, who never fell in love, but with 


her group of maidens ranged the woodland, 
goddfcos of groves and fountains and guardian 
of mortals against disease and pestilence. 
Later, her worship turned to weird super- 
stition. All sorts of magic charms were 
WTought in the dark of the moon, when the 
powers of evil were let loose; and heathen 
priests, such as the druids in England, ob- 
served the days when she was full with 
various horrirl rites. It was by moonlight, 
too, that ghosts were said to walk. When 
she was at the full, her influence was friendly; 
but when she was on the wane — or growing 
smaller — she brought bad luck to men. Her 
power for good and evil was enormous; she 
influenced the weather, the growth of plants, 
and even the affairs of state. Over the weak- 
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wit ted she was thought to have a very bad at the side; and the faster you go, the farther 
influence; indeed, they took the name of you must lean. This is the effect of what 
their disease from her and were called we call centrifugal (s£n-trlf'u-g£ll) force; i* 
lunatics from her Latin name of *^luna.” is caused by the tendency that all moving 

Though the moon has always been an objects have to keep on going in a straight 
inspiration to the poets, her practical value, line. You can readily see that, with the 



The moon borrows all her light from the sun — for 
moonlight is only reflected sunlight, as you may see 
from this picture, in which the tnoon, in the upper 
left-hand comer, is sending to us on the earth light 


that she has just received from the sun. In other 
words, the moon acts just as the mirror acts in the 
hands of the boy in the inset. The bright patch on 
the fence is reaUy light the mirror reflects from the sun. 


it must be confessed, is very slight. We 
could get along quite well without her. She 
gives no heat at all and all her light she 
borrows from the sun. In other words, 
moonlight is but reflected sunlight. We 
cannot tell for certain where she came 
from, but many astronomers (as-tr5n'6-mer) 
believe that she is the earth’s own, child, 
once a part of our planet but hurled oflF while 
it was still molten. 

How the Moon May Have Been Born 

The earth was whirling then at a terrific 
speed — some four times as fast as now. 
You have noticed that when you are on a 
merry-go-round, you have to lean toward 
the center to keep from being hurled ofif 


earth still soft and whirling so rapidly, it 
might have been easy for a piece of it to 
break away and dash off into space. Or, 
as scientists put it, centrifugal force could 
easily overcome the force of gravity (grav'- 
i-t!) — the force that keeps the earth to- 
gether and holds us on it even though it is 
whirling fast enough to send us hurtling 
into space at the rate of sixteen miles a 
minute. 

You must know that our own planet is 
not the only one that has the dignity of 
having an attendant. Mars has two, Uranus 
four, and Juy)iter has nine. In fact our own 
familiar moon is only one of twenty-seven 
that arc known to be distributed among the 
various plajiets. 'Fhere may be more. They 
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range in si/e from a little five-mile affair 
that dances attendance upon Mars to a 
gigantic servitor of Saturn that bears the 
name of Titan and is 3,550 miles in diameter, 
or nearly as large as the planet Mercury. 
Our own moon Is by no means a pigmy. 
Her waist is 2,163 niiles through --a quarter 
of the thickness of the earth. 

It is always a bit surprising when one 
learns that the moon, 
which seems to be 
one of the largest 
bodies in the 
heavens, al- 
most as big as 
the sun and 
vastly larger 
than the stars, 
is in reality the 
smallest of all 
the bodies that 
our naked eye can 
.see. It is so much the 
nearest '.hat M^e it out * — - 

ol all proportion. At times 
it is 30,000 miles farther 
aw^ay than at olhcr.s, but I • V i j 

its average distance from V. \ /J 
us. is only about 240,000 
miles, while the sun is 
some four hundred 
limes farther off and . 


J 


In olden times people believed the moon 
to be a great ball of fire like the sun, only 
less hot. We now know that she borrows 
all her light. In other words, she reflects 
the light of the sun much as a mirror would 
if it were fastened in the sky, except that 
her .surface is too rough to reflect the light 
so perfectly. The reason why we see her 
after the sun has set is that she is always 
bathed in light from the sun — ^just as some 
part of our earth is always bathed in light. 
It takes the moon twenty-nine and one- 
half days — or what we call a “lunar 
month’* — to comiflete one of her jour- 
neys round the earth. Now it happens 
that .she herself turns exactly once dur- 
ing the same length of time, with the 
result that she alw^ays keeps the same 
face low'ard us. Alan has 
never seen the back of the 
cannot be far 
wrong in guessing that it is 
not very d ifferent from the 
side w^e see. If we should 
ever find that there are 
people on the planet Afars 
and learn to communicate 
with them, one of our re- 
quests might be that they 
send us a wireless 
photograph of the back 
of the moon. For they 
can sec what it looks like if 


limes larinir ano ^ ,hat *««•> j ^,1^. 

the stars immensely farther u only four times as large as the moon, can sec wnai lot k... 

tin 'n,n .um'Hrfiil lelo- since the earth’s diameter is o.ily four thev have telescopes, 

Jitlll. I lie pow(Ttul It IC greater ihan the moons. These Y - •i.v. _„i„ 

scope on Mount I’alomar pictures show the truth of the n'.atten Her movement with rela- 
! 1 Thouirh the moon’s diameter is a fourth ij mrih ( 


1 Though the moon’s diameter is a fourth earth can be 

makes the moon seem onl\ of her mother the earth, her . i i i. 

a few miles awa\’. So as- toUl bulk is only about U, of the e«rth’s, illustrated by two persons. 

tronomers have 'learned a ‘U' “.rdStJS’oX “^ting the parts of moon 

great .leal about her. NNe sb. would not^^ov.u aU of th. am earth 


grucU uciu aii«;ui III-I. TT«i»-ai states, 

have better maps of her 

bright face than of many parts of Alrica or room 
of our polar regions. 

It would take four days for a rocket-pow- ter t 
ered space shii) to fly to the moon, for the the 
distance is only about ten times the distance quar 
round the earth. Hut the report of a c opp<. 
non fired here on the Fourth of July would turn 
not be heard there until the cighicemh of of tl 
the month— and it could be heard then only lime 
if our atmosphere could be extended to revo 
cover the entire distance, for sound cannot youi 
travel without air. 


stand in the center of the 
room and lake the part of the earth. You 
will begin by facing the window; a quar- 
ter turn then brings you face to face with 
the fcuiiily portrait on the wall; another 
quarter turn and you are facing the wall 
opposite the wmikIow; and with another 
turn you are looking into the fourth side 
of the nxim. When you turn for the last 
lime vou again face the window and have 
revolvctl just once. In other words, in 
your role of Alolher Earth, you have en- 
acted a complete day— you have turned 
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The moon never looks the seme two dsys in succession, 
for SB she travels round the earth, she always seems 
to be changing shape. These eight pictures of her 
show eight of her **phases** in the course of a month. 
When the sun is behind her we cannot see her at all, 
for then the side that is toward us is in shadow— as 
shown at the top of the page. But as she moves 
toward the left she begins to reflect the sun from a 


tiny strip along her side. That is the crescent moon. 
As she continues her journey she catches more and 
more of the light until, when she has got halfway 
round us, her full disk is illuminated by the sun’s 
direct rays — as shown at the bottom of the picture. 
Then we have the full moon. After that she begins 
to shrink, or as we say, she is on the wane, until she 
once more is dark, at the end of the month. 


entirely round, in one complete “rotation*’ 
(ro-ta'shiin). 

But now we must impersonate the moon. 
Let us get a little girl to take the part. It 
will be her duty to walk sideways — and 
always facing you — around the room, but 
to do so very slowly, for you must turn* 
twenty-nine and one-half times while .she 
circles round you once. This, you see, is 
because it takes the moon twenty-nine and 
one-half days — or twenty-nine and one-half 
of the earth’s rotations — to make a single 
trip around us. 

We Always See the Same Old Face 

Now let us see what happens. While our 
little friend sidles slowly from the window 
to the portrait on the wall — and on around 
the room till she is back where she began ^ 
you will turn completely round twenty-nine 
and one-half times; and when you have 
finished doing so, she will once more be 
back at her starting point under the window. 
During her trip around the room she has 
faced once in every direction ; in other words, 
she has turned completely round, just as 


much as if she had stood on a single spot 
and faced each of tlie four walls of the room 
in turn. Moreover, it has taken her the 
same length of time to revolve once that' it 
took her to perform her leisvirely journey 
round you; and as a result her face has been 
turned toward you all the time. You never 
got a glimpse of the back of her head. 

How the Month Got Its Name 

This is precisely the way the moon be- 
haves. She makes a comi)letc journey 
round us in a lunar month, or twenty-nine 
and one-half days, turning once meanwhile. 
You will have no difliculty now in seeing 
that the word “month** must have come 
from “moon,” for a month is roughly reck- 
oned as being thirty days, or about the time 
it takes the moon to go around us. 

But the moon has yet another beautiful 
and interesting motion. Sho is constantly 
circling round the earth, but the earth is 
meanwhile traveling on its never-ceasing 
journey round the sun. The moon, in other 
words, is always being dragged by the earth 
along its tremendous dreuit— or orbit (6r'- 
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bit) — through the heavens. This means with the earth around the sun. Indeed, 
that the moon cannot circle slowly round in the grip of the earth and sun, she even 
and round always in the same path, as our drifts along with him through space at the 
little ,girl was circling round the room, but rate of twelve miles a second. She is a very 
is forever dashing breathlessly along to keep busy moon. 



The sun stands still in the midst of his famUy of 
planets, while they all go whirling round him. Here 
he is shown in the center of the earth’s orbit. The 
earth is moving in the direction of the topmost arrow, 
and at the same time she is spinning in the direction 


of the arrow on her surface. Her daughter the moon 
keeps circling round the earth on a little path of her 
own in the direction shown by the arrow beside her. 
And of course since the earth is always moving round 
the sun, the moon must go round him too. 


up with the earth in its mail career. It is 
as if our boy started to run in a circle round 
a vacant lot, and kei)t on whirling at the 
same time. 

The Moon’s Path through Space 

What would happen to his little moon, 
who would have to keep making circles 
round him—one circle to every twenty- 
nine and one-half of his whirls? Tt is so 
breathless an undertaking that we arc not 
going to ask you to act it out, but will tell 
you what would haif[)en. The little girl 
would be running in the form of a series of 
beautiful curves. For all the time she is 
circling around the boy, he is dashing ahcail 
and she must also dash ahead with him; 
and the result is that her ])ath will look hivC 

in a big circle all the way round the lot. 

This is the pattern of the moon’s long 
path. She rotates herself, she circles round 
the earth, and in a long curve she travels 


Though the moon is usually bathed in 
sunlight, there are times when the earth 
gets in the way. This cuts her off from some 
or all of the light, for the earth then casts 
a great Mack shadow over her. 

This ihirkening of the moon is called an 
eclipse (t- klips'). It can take place only 
when the moon is full, for only then is she 
on the opposite side of the earth from the 
sun, and therefore able to get in the earth’s 
shadow. If the moon’s whole disk passes 
inside the earth’s shadow, her light goes out 
completely and we have a “total eclipse.” 
More often, only a part of her surface lies 
within the shadow; the rest continues to 
receive light from the sun and to shine as 
brilliantly as *‘ver. It is then as if a great 
round bite had been taken out of her side. 
'I'his is called a “partial eclipse.” In those 
years when there are five eclipses of the 
sun there are also two of the moon. It makes 
a dramatic twelve months. 

The cause of an eclipse of the moon is 
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Whenever the earth comes directly between the moon 
and the sun, the moon's light is partly or entirely put 
out. That is what has happened in the big picture 
above, where the moon is quite inside the earth's 
shadow — that is, the moon is in ^^total eclipse.” In 


the small picture, the earth has not yet swung her 
great bulk squarely between the moon and sun, so 
the side of the moon that is still outside the earth's 
shadow is in sunlight -the moon is in "partial eclipse.” 
That great curved shadow shows that the earth is round. 


not hard to understand. Hold a ball in 
your outstretched hand where the light from 
a lamp behind your head will shine on it. 
Now swing your arm until the ball enters 
the shadow cast by your head. I'he lamp 
is the sun, your head is the earth, an<l the 
ball is the moon. The exj)erimenL shows 
you exactly what hai^pens when the moon, 
as we say, “j)asscs into eclipse.” 

The ancients believed, naturally enough, 
that the moon was constantly changing 
her shape. We know now that the moon 
is always round but that we cannot always 
see the whole of her face. I'o her varying 
forms we give the name of “phases.” A 
simple experiment will make the reason for 
them clear. 

Try This Test 

Take a scat on a revolving piano stool in 
a room lighted only by a single lamp, which 
represents the sun. Your head will be the 
earth and a white tennis ball held at arm’s 
length in your hand will represent the moon. 
You will remember that the moon always 
turns the same face to the earth; so all you 
have to do is to hold the ball out steadily 
before you as you turn round on the stool. 


But you must hold it fairly high, so that 
your head may not come between the lamp 
and ball, for that would jn-oduce an “eclii>se” 

which is not the thing we arc trying to 
illustrate. 

Why the Moon Is Not Always Round 

Sui)pose you begin your experiment by 
turning your back to the lamp. As you 
hold the ball well up before you, the whole 
half of it that is toward you will be il- 
luminefl. Your moon is “full.” lint as you 
begin turning round, still holding your ball 
out straight, you will notice that you begin 
to see less of the illumined half and more 
of the sharled half. Now your moon is 
not quite full it is gibbous (gib'us), or 
“humped.” When you have turned a 
quarter of the way around, only one-half 
of the ball’s face ai)[)ears to be lighted; you 
have reached the “half moon” stage, and 
since your moon is growing smaller she is 
said to be in her “last quarter,” for you 
see only a fourth of the ball illumined. 
Now as you turn still farther the lighted 
portion groups narrower and narrower, 
until it is only a slender gleaming line 
— like the “old moon,” which may be seen 
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in the morning to the east or southeast in 
• the heavens. 

When you face the lamp, the side of the 
ball that is toward you is in total darkness - 
representing the “dark"’ of the moon. As 
you turn, however, a thin strip of light again 
appears; this is the “crescent”— commonly 
called the “new moon” -which we have all 
seen low in the western sky in early evening. 
Now “crescent” (krCs'eiit) is the Latin word 


than the moon anrl therefore must give olT 
much more light. It is our own light, then, 
that shines u|)on the moon and faintly illum- 
ines the darker ])ortion of her disk when the 
sun is not shining on it. 

It was I^conardo da Vinci (da veii'che), 
a great artist living in Italy at the same time 
as Columbus, win) first sus|>eeted where 
this i)ale light came from. When Galileo 
began to use the tclesco[)e, he proved tliat 
Leonardo was right. 

What Are the Moons Hours? 

Now let us return to our piano stool. As 
we turn slowly round, the crescent, or lighted 
portion of our tennis ball, grows continually; 
but the light now appears on the opposite 
side of the ball from the one on which we 


saw it when the ‘‘moon” was waning. The 
slender tips of the crescent are called its 
“horns” or “cusps,” and the line joining 
them on the inside of the curve is called the 
“terminator” (tQr'mI-na'ter). 

How Long Does the Moon Shine? 

Slowly the crescent grows into another 
“half moon” turned in the opposite direc- 
tion from the one it occupied when we were 
facing the other side of the room. This is 
called the “first quar- 
ter.” At both the first 
and third quarters, the 
terminator ap[)ears to 
be a straight line. As 
w'e turn, the light 
si)reads steadily over 
the surface of our ball, 
j massing again through 
the gibbous phase until 
our backs are .squarely 
to the lamp and our 
little moon is once more 
at its full. We have 
followed it through all 
its phases. This is ex- 
actly what happens to 
the majestic sphere that 
sails the heavens. 

The crescent moon, 
as you must have no 
ticed, .shines through 
only a small part of the 
night, the half moon shines for about half 
the night, and the full moon shines from 
sunset until dawn — virtually all night long. 

Where and When Does the Moon Rise? 

Because the crescent moon is always seen 
low on the western horizon, certain persons 
think the moon rises there. But this is a 
mistake. The rising and setting of the moon 
have ])recisely the same cause as the rising 
and setting of the sun, and therefore both 
come u^) in the east. I'heir seeming move- 
ment acro.ss the heavens is due to the carth^s 
.spinning from west to east, which brings 
them into view once a day. The moon 
u.sually rises about an hour later each day 
than the day before; though at a certain 
time every autumn the full moon arrives 


for “growing,” and is used to designate the 
moon^s first stage, when 
she is gradually getting 
larger and larger toward 
the first quarter, or 
“half moon.” She is at 
her most beautiful in 
this stage, w'hich has 
been described as “the 
new moon with the old 
moon in her arms.” 

For one is able to see, 
not only the gleaming 
crescent, the faint 
outline of a ghostly 
disk, the whole surface 
of the moon’s face. 

This comes from the 
fact that the light which 
the sun is pouring on 
the earth is rellected bv 



by Ycrkoii Obwrviifoiy 


Here is that phase of the moon which poets describe 
as the old moon in the new moon’s arms. Only the 
outermost edge of the moon’s disk catches the direct 
rays of the sun. But we can see the rest of her 
face in the light that we ourselves reflect to her. 
For of course the earth is always in sunlight, which 
our planet just as the reflected to the moon just as the moon reflects 
^ , •, I, sunlight to us. It is by this light which we ourselves 

moon rcilccts it. But send her that we are able to see those parts of her 
wc are very much larger that would otherwise be in total darkness. 
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at almost the same time for several nights 
in succession. We speak of this as the 
“harvest moon“; it occurs within two weeks 
before or after Septembe# 21, the date when 
days and nights are of equal length. The 
moon that comes the following month is 
called the “hunter’s moon”; sometimes it 
does not arrive till early in November. 

Curiously enough, the moon is really 
journeying in just the opposite direction 
f rom the one she seems 
to take. For while 
she seems to move 
across the heav- 
ens from east to 
west, she is really 



travelinginthe 
same direction 
in which the 
earth is spin- 
ning — that is, 
from west to 
east. What 
really happens 
is that we are 
turning so fast 
as to leave her 
far behind. 

Itisasif you 
were in a fast 
express train 
and passed an- 
other train go- 
ing in the same 
direction but 



This mistake is the easier to make because 
our own good earth spins round so smoothly 
that we have no feeling of her moving at 
all. If her whirling jolted us ever so slightly, 
we might be able to remember that we are 
not standing still. As it is, we have to 
watch the moon for several hours and meas- 
ure its progress with relation to the stars 
before wc can feci convinced of the direction 
of its course. But there is a simpler way to 
gauge it. Draw an imaginary line between 
the moon’s two cusps; she will always 
be traveling in an easterly direction along 
a course at right angles to the line. 

We have just seen that earth and moon 
are moving in the same direction, only at 
different speeds. Let us suppose we 
see the moon rise at seven o’clock 
of a Monday evening. She 
travels eastw'ard with us through 
the heavens, but before daybreak 
wc have left her far behind and 
she has sunk from sight in the 
western sky. Our swift rotation 


You must often 
have been startled 
to see the moon 
rising in an un- 
expected place or^ 
to see her sailing v. 
overhead in a part of 
the heavens where 
you seem never to have 
seen her before. The 

reason for her changeability lies partly in the fact that 
her path around the earth does not run parallel with l 
out Equator, but is at on angle with it, as shown above, £ •/ 

though at a smaller angle than we have shown here, r * 

In these three pictures the moon’s path, or orbit, is { 
along the line that runs through her, and the direction 
of her march is indicated by the arrow. The earth spins / 1 
in the same direction, but at a somewhat greater speed ^ 
than the moon’s; so as a given spot on earth catches up 
with the moon and gradually leaves her behind, the moon 
appears to be traveling across the heavens from east to west 
^ this — and other very complicated things besides— makes 
the moon rise at unexpected places. By comparing her position with 
relation to the three spheres above, you will see that the spot where 
she rises will depend on the point she has reached in her orbit when 
the observer on the earth is whirled around by our planet to a 
position where she comes into view. 



direction but much more slowly. The 
second train, as you whizzed by, would look 
as if it were traveling in the opposite direc- 
tion from your own. People on the Equator 
are being carried round by the whirling of 
the earth at the rate of about a thousand 
miles an hour. Now the moon, it is true, 
travels around us at a faster pace than this 
— over twice as fast in fact — but because 
she is so far away, she seems to be going 
very much more slowly. She would have 
to go a good deal faster still in order for us 
to keep her in sight. So we have the sensation 
that she is traveling in the opposite direction. 


j. By comparing her position with [jrings US back 
you will see that the spot where ? 

ihe has reached in her orbit when again, how- 
rled around by our planet to a ^ 

comes into view. , , 

o c lock on 

Tuesday night, and wc look eagerly to 
greet her. But she is nowhere to be 
seen. What has happened to make her 
late? 

Why the Moon Is Late Each Night 

It is only this: All the time the moon has 
been steadily traveling eastward on her 
orbit round us; and by seven o’clock on 
Tuesday night she has covered a consider- 
able distance — enough to make us pick her 
up some fifty minutes later than on Monday 
night. At ten minutes before eight we catch 
her glimmer on the eastern horizoni and all 
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The boy in the center of the circle is representing the moon, so he keeps circling round the earth in the di- 
earth, so of course he is spinning to his left. The boy rection shown, but his friend can spin nearly thirty 
running around the circle is acting the part of the times while he runs around the drcle only once. 



Let us suppose that the “earth boy” has spun around ahead arouud the circle. So the earth bey i-ust turn 

just once since the upper picture was taken. When he a little farther to overtake his friend™ and then as he 

gets back to his first position, facing squarely toward spins on, he will again leave the moon boy behind, 
our left, he will no longer find his friend in front of So his “i ^oon” will “rise” a little later every day — and 

him. For whUe he was turning, his friend was forging every day he will leave it behind on his right. 

night long arc able to watch her in her her glowing brother, the sun, quite dims 
majestic journey through the heavens, till her pallid rays. We must look hard to find 
our own swift turning has once more left her and then we can make her out only 
her out of sight. In the same v/ay the moon when the sky is very blue. But if you will 

will lag about fifty minutes cvciy night in look at the monthly sky map, you will 

putting in her appearance. By this rule, if learn where you can see her as she sails 
the moon rises at seven on the evening of peacefully thn*ugh the heavens. For ex- 

June I, she will rise at six in the morning i cept at moments of eclipse the moon never 

June 14 — about eleven hours later. ceases to catch the sun and to bathe us in 

“But how can that be?’" someone says, such light as she is able to send to us from 
“The moon never shines in the daytime.'* him; and never through all the countless 
Now that is a great mistake. The moon centuries to come, will she be able to desert 
shines in the daytime just as she shines at her staid attendance^ on the earth, unless it 
nighty though not with the same splendor, for be to fall back into its bosom. 
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The STORY of the HEAVEN; 


Reading Unit 
No. 5 

THE SILVERY REALM OF MOONLAND 

Note: For basic injormatiott For statistical Ofid current jacts, 

not found on this page, consult consult the Richards Year Book 
the general Index, Vol. 13. Index. 

Interesting Facts Explained 

What are the moon’s atmospheric Is there ever a wet moon? 1-133 

conditions? 1-131-32, 143 How many tides are there each 

What are the surface conditions day? i -133-34 

of the moon? i- 131-32 Where do the highest tides occur? 

How does the moon affect the 1-134 

earth? 1—132-43 What is the moon s surface tem- 

How does the moon affect the perature? 1-143 

sea? 1-132-43 

Things to Think About 

Why do we have low and high w'hich is 240,000 miles away 

tides? from us, to pull on the oceans? 

Why are spring tides the highest? Why is the moon more nearly 
How is it possible for the moon, round than the earth? 

Picture Hunt 

What is the arrangement of the Why does the moon appear 
earth, moon, and sun during larger on the horizon than 

the period of highest tides? when it is higher in the sky? 

1-134-35 1-132 

Related^ Material 

How does the moon affect the How do tides affect shipping? i- 
earth's rotation? 1-9, 135 137 

How does the sun affect tides? What is meant by a lunar day? 

1-134 1-T40 

How may tides be put to work? How is moon time measured and 
9-442 recorded? 10-478, 480, 481 

Practical Applications 

How must docks be constructed How may the energy of the moon 
to take care of great variations be put to work? 12-59 

in tides? 1-137 

Leisure’-time Activities 

PROJECT NO. I : Prepare a sil- I^ROJECT NO. 2 : Arrange three 

houette model showing how large balls to show the positions of the 

the moon appears in a modern sun, moon, and earth during 

telescope, 1-131. spring tides, 1-135. 

Summary Statement 

The moon circles arountl the and in doing so causes the tides 

earth in a complicated motion to rise and fall in our seas. 
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Some telescopes bring the moon so near that if one large part of the sky, and the effect would bo 
could see it that size on the horizon, it would fill a much as it is shown in ^e picture above* 

The SILVERY REALM of MOONLAND 

It Is All a Frozen Desert Where Vast Craters and Mountains 
Higher than the Alps Make Up the Face of 
“the Man in the Moon** 


moon is a mountainous land. 
I li | Some of her summits are as much as 
30,000 feet high — loftier than any 
peaks on earth. But those imposing crests 
bear the same names as certain of our own 
more humble ranges — the Alps and the Car- 
pathians and the Apennines. There is little 
doubt as to their height. To measure the 
moon’s mountains we need only measure 
the length of the shadows that they cast; 
and that is fairly easy, for the shadows on 
the moon are darker than any earthly 
shadows. This is because the moon ha-- no 
atmosphere to spread the light art)und as 
it is spread on earth; for instance, when it 
comes in a window and spreads through all 
the room. This could never happen on the 
moon. In the sunshine there it is a little 
brighter than on earth, but in the shade it 


is as daik as midnight. Any shadow on the 
moon is lust as black as if there were no 
sun in the whole universe. We can see the 
shadows even with the naked eye — for it is 
they that form the outline of our old familiar 
friend, the Man in the Moon. 

Many thousands of great holes arc scat- 
tered over the moon’s surface. This is 
true at h ast of the side that we can see, and 
astronomers are surely right in their belief 
that the two sides are very much alike. But 
there are different theories as to the cause 
r)f the great pits. Most of the scientists 
now think they were made by falling meteors 
striking tlie moon with terrific force. For- 
merly they \vere thought to be the craters of 
long-dead volcanoes — though their propor- 
tions do not bear out that theory. Still other 
.scientists once thought they might be what re- 
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mained after the bursting of large bubbles 
raised by volcanic gases on the moon’s 
“skin” while the globe was still molten. 
Some of the larger “ring mountains” around 
the craters look as if they had been built 
up as coral atolls are in the Pacific. A few 
of these great lunar holes are a hundred 



Cover the picture at the right with your hand. Does 
the moon look very large to you— as large as a city 
block, or even big enough to contain a village? If so, 
she seems large because you measure her against the 
trees and houses near her on the horizon. 

miles across, with walls that arc fifty miles 
thick at the bottom though they grow 
thinner toward the tops, which are as much 
as two miles high. We can sec the moun- 
tains and craters jiretty well with a ]iair of. 
opera glasses. 

There are other mysterious markings on 
the moon’s white face — shapes which look 
like the beds of ancient rivers and of oceans 
that have been dry for thousands u[X)n 
thousands of years. For the moon is a flcad 
world — without a breath of air or a drop of 
water and long since gone cold. Many 
persons think our own old earth will some 
day be like that; so for this added reason 
the moon is interesting to us and the object 
of a great deal of study the ])art of 
learned men. 

“Seas,” “Rays,” and “Rills” 

What w'cre once taken for ocean beds — 
and so were called “maria,” the Latin word 
for seas” are now believed to be gigantic 
areas that were covered by a flow of liquid 
rock. This welled up from the moon’s intc- 


rior when a vast meteor broke the moon’s 
crust. Such areas are too smooth to be the 
beds of old oceans. 

'riicn there arc the “rills” — puzzling deep 
chasms taking their name from the German 
“Rille,” or “groove.” They are narrow and 
often long, and they seem to have no rcla- 



Cover the left-hand picture and look at this moon. 
jSow large does she look — a little bigger than the 
house, or only the size of a cart wheel or a dish pan? 
The moon is said to look smaller when she is high 
because there is nothing for the eye to measure her by. 


tion to the mountains and craters tluw cross. 
Maybe they are just cracks. 

The “rays” arc very bright streaks always 
radiating from a crater. Sometimes they run 
fora hundred miles straight across mountain 
and “sea." 'I'liey might be splashes from an 
iron meteorite melted by its impact. 


The Shape of the Moon 


Except for comets and the nebulae, all 
the heavenly bodies knowm to the astron- 
omers arc .sjdicrical, or nearly so. This 
means that they arc round like a ball, except 
in tho.se cases, such as the earth’s, when 
rapid whirling in a molten state has made 
them bulge at the Equator. Jupiter and 
Saturn are so much larger round the waist 
that a lelescoiKJ will show it plainly, but on 
the earth the Imlge is so slight that it could 
not be seen. For though the earth is orange- 
shaped, it is only twenty-seveti miles shorter 
from pole to pole than it is through the 
Equator; and on a body 8,000 miles through, 
so slight a variation is hardly to be reckoned 
with. The moon has probably always been 





It is strange to think that New York - and every other 
spot on the surface of the earth- is jerked up and 
down just a bit whenever the moon passes overhead. 
Of course the amount of the movement has been 

perfectly round, for it turns so slowly thiit 
its whirling could hardly force it out of 
shape. The huge sun, too, shows no llatlen- 
ing, so far as our measurements have shown. 
Its movement is very slow and stately; a 
complete rotation takes almost a month. 

Is There Ever a Wet Moon? 

“There is a wet moon,” you have heanl 
people say. “We surely shall have rain!” 

Now sometimes they were right and some- 
times wTong, hut at lejist we may be sure 
of one thing: they did not mean that the 
moon itself was moist. For it is waterless; 
there is not a drop of liquid on it. Hut 
sometimes you see a soft, dim halo round 
its face. This does not come from the 
moon’s atmosphere, for she is as devoid T 
air as she is of water. Hut if our own air is 
watery, the moon wdll he shining on us 
through a filmy veil. Of course she is 
240,000 miles away from the veil, which 
is right here in our atmosphere. The halo is 


enormously exaggerated in this picture, in order to 
make it clear. But slight as the rise and fall may be, 
it nevertheless takes place — and all on account of the 
tremendous tug the moon gives a spot as she passes it. 

made in our own air and may be only a few 
hundred feet above us. 

So at least our own air is moist, and our 
friends may not be far wrong in their proph- 
ecy, since moisture often condenses into 
rain. It ” ly indeed be a “w'et moon.” 

One of die most striking and relentless 
forces in all nature is the coming and going 
of the ddes— the rise and fall, twice a day, 
of the gigantic seas all around the world. 
It is not because we do not know the reason 
for the tides that they are so impressive, 
for WT know it wx'll enough. But the re- 
lentless creeping uj) and up of water all along 
the shore, and its sulky retreat down the 
long line of sand, make any person sitting 
on the beach reel very puny in the face of 
such a force. 

How Many Tides Each Day? 

It would not take you long at the seashore 
to notice that the tide takes about six and 
a half hours to rise or fall. Only a little 
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figuring, therefore, will show you that the 
tides will come noticeably later every day, 
but that there will be two high tides and 
two low tides every twenty-five hours — 
unless you happen to be watching them In 
one of the places where, for various reasons, 
the tides may be unequal. 

The Force That Makes the Tides 

Centuries ago — before the time of Christ— 
people had found out that it was the moon 
that caused the tides, but how it did so they 
could not imagine. In fact, it was less than 
three hundred years ago that the mystery 
was explained. Then Sir Isaac Newton dis- 
covered the enormous force called gravita- 
tion (grav'l-ta'shfin) by which the heavenly 
bodies grasp each other across thousands of 
miles of space. The matter of the tides 
then became quite simple. 

The moon, as you know, is constantly 
pulling on the earth— just as the earth is 
pulling on the moon. As a result, whenever 
the earth turns the watery part of her surface 
toward the moon, the pull of the moon 
tends to draw the loose water into a 
heap. And since the earth spins eastward 
under the moon, the heap of water travels 
westward, following the moon. It resembles 
a great wave and is known as the “direct 
tide” — ^the tide that is nearest the moon. 

Why We Have High Tides 

For there are two high tides at any one 
time — one on the side of the earth toward 
the moon and one on the opposite side. We 
might think that the moon could attract 
only the water on the nearer side, but as a 
matter of fact it causes a bulge in the water 
on the other side also — for it tends to pull 
the earth itself away from the loose water 
on the farther side. 'Phen this water rises 
into a wave and is knovrn as the “opposite 
tide.” 

At first thought it w’ould seem that if a 
relatively small body like the moon can 
cause such a disturbance as the tides, a 
huge mass like the sun ought to j)roduce a 
still greater effect. Now it is indeed true 
that the sun is far larger than the moon, 
but, on the other hand, it is nearly four 
hundred times farther away from us. Its 


distance more than makes up for its size, 
with the result that the little moon is more 
than twice as powerful a tide maker as the 
sun. 

But that the sun also has a tidal effect is 
proved by the fact that, when the sun and 
moon are on the same side of the earth or 
on opj)osite sides, and can pull together, the 
tides are unusually high. This happens 
twice a month — around the new moon and 
around the full moon — and gives us what 
we know as “spring tides,” because they 
spring high into the air. 

Why We Have Low Tides 

But when the sun and moon are pulling 
at right angles to each other — as happens 
when the moon is in its first and last quar- 
ters — the tides are very low. I'hey are then 
called “neap tides,” from an. Old English 
word meaning “low” or “scant.” 

The height of the tides varies greatly in 
different [daces. On the Island of St. 
Helena, they rise only some three feet; but 
in the Bay of Fundy, where there is a 
.shallow coast and narrowing bays, they 
often rise and fall over fifty feel. Even 
lakes and rivers have tides, for the moon 
tugs at every part of the earth’s surface; 
but when a body of water is small, the tide 
in it is so slight that it i.s almost impossible 
to see. 

The Great Lakes have an ebb and flow 
of about two inches; and even the tea in 
our cups must rise and fall as the moon 
passes over them. 

What Caesar Thought of the Tide 

It hapj)ened thai. Julius Caesar, when he 
was embarking with his trooi)S to invade 
Great Britain, encountered a very high 
spring tide. He assured his men that it 
was caused by the full moon. It is doubtful 
whether he knew the true cause. He was 
right, of course, in that a spring tide will 
come when the moon is at its full, for the 
moon and the sun are then on opposite 
siilcs of the earth; but that it was this that 
cau.sed the high tide, rather than the full 
moon, he probably did not suspect. We 
now know that, whether the moon is full 
or a mere crescent, it never fails to pull 
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with the same force upon the earth; for it is 
always there in its whole bulk, no matter 
how' much or little of it we can see. 

If there were oceans on the moon, the 
tides there would be vastly greater than 
those on the earth, because the earth is so 
much greater than the moon. 


In recent V' jrs astronomers have learned 
that the tides are very gradually slowing 
up the earth’s rotation. The constant hold- 
ing back of such a vast quantity of water 
drags on the whirling planet just as a brake 
drags on a wheel — or we had better say a 
feather on a whirling cannon ball. The 
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Here are three pictures cf the moon, illustrating the 
three different ways in which the moon may get her 
light. In the picture at the left she is shown in total 
eclipse; that is to say, no single ray of the sun’s light 
reaches her, for the earth is squarely between her 
and the sun. To the naked eye she would be invisible, 
but the keen eye of the telescope can see her lit up 
with a pale coppery glow by light that the earth’s 
atmosphere bends out cf its straight path and sends 
to the moon. That is called refracted light; it is 
reddish because our atmosphere robs the light of all 
its bluish rays, and so leaves only the red ones. 

effect is ever so slight — too small, ])erhaps, 
for measurement; yet during the course of 
millions of years it will be felt. And what 
will hapi)cn then? Well, for one thing, the 
moon will move farther and farther away 
and the tides become smaller and smaller, 
as long as there is water on the earth to ebb 
and flow; though if all the water on the 
earth should dry up and the earth became 
a rigid bofly, the moon would be held at a 
fixed distance. 

A Struggle between Earth a:id Moon 

And after that there would begin — if 
certain astronomers arc right— a long strug- 
gle between the moon’s centrifugal force, 
which continually drags it out into space, 
and the relentless pull of the earth’s gravita- 
tion. In this great contest it is thought that 
gravitation would win. Tn other words, 
some day the moon will come crashing back 
to earth, with a tremendous spattering of 
oceans and shattering of rocks — and every- 
thing upon the earth’s calm face will burst 
into flames. But it is nothing that you and 
I need worry about. For even if the learned 
guess is right, the moon will fall so many 
billions of years hence that it is doubtful 
if mankind, as we know it, will still be 
living here. 


The full moon in the central picture is receiving the 
sun’s rays over its whole disk, and like a mirror is 
reflectin:* them to us. It is that reflected light which 
we on earth see. In the picture on the right the 
crescent moon is sliining in the direct rays of the 
sun, which it in turn reflects to us. But the rest of 
the disk is lighted up by rays which the earth reflects 
upon the moon after receiving them from the sun. 
So this “old” moon, which we see “in the new moon’s 
arms,” is said to be earth-lit — though of course in all 
these three cases the moon’s light comes originally 
from that great central fire, the sun. 

For in the course of all these changes, the 
earth will also have slowed down in the 
sjxjcd of her rotation. She will cv(;n reach 
a stage at which she will turn round only 
once a month; her day will then be over four 
weeks long. When this shall have haj)j>ened, 
the moon will never rise and set, but will 
always seem to be fixed at the same s[)ot in 
the heavens, no matter whether it be day 
or night, for wc shall not be whirling fast 
enough to leave her behind. As a result, 
those who arc so unlucky as to be living 
on the side of the earth away from the 
moon will never sec her. It may well be, 
however, that in that day no* living soul 
will be left, for the earth may then have 
come to be a lifeless planet, with one half 
turned away from the sun for two weeks 
on end and therefore frozen solid, and the 
other half burned to a tinder by two weeks 
of unrelenting heat. 

But this is all a guess and it may never 
come to pass. 

A Trip to the Moon 

Come, let us fly away to call on the Man 
in the Moon ! 

“But it cannot be done,” you say. 

Yes, there is a way to do it. We may all 
of us order up a swift rex-ket called Imag- 





The two large pictures above are photographs of the Fundy it sometimes rises as high as 53 feet, but on 
same wharves at Digby, Nova Scotta : but in the lower an open coast it usually is only 2 or 3 feet hi^. The 
view the tide is in. The height of the tide differs lowest tides in the world are on the island of St Helena, 
greatly in various parts of the world. In the Bay of in the South Atlantic Ocean. 
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ination, and sit snug and warm in it at home 
while we travel far out into the vast reaches 
above us that are called space. Our slender 
rocket must be well supplied with focKl and 
air and water, for there will be none of these 
necessaries on the moon; and we must firess 
in cold-proof clothing to withstand the frigid 
temperatures we shall meet. But it docs 
not take the imagination long to supply 
these little needs; so with a good-by to our 
friends we launch out boldly into space. 

Nothing unusual happens during the first 
few miles of our journey. The green earth 
gradually sinks until it looks like a vast 
plain whose outer borders fade away in mist. 
As we rise higher and higher the instrument 
board shows that we are leaving the earth’s 
atmosphere behind. Hut we feel no 
discomfort, for we are supplied with 
oxygen and the air inside the rocket 
is kept at normal pressure. 

Here we ing far behind us, we find 

are on our that she is just a great 

way to the round disk with a few 

moon— the little A&l rivers and moun- 

ball toward which tains and lakes 

our rocket is point- traced on her 

ing. When we look surface. These 

through one of the port- finally 

holes at Mother Earth ly- ^ ' disappear. 

Higher and higher we climb. It is bitterly 
cold outside, and all around us is blackest 
night except for the blinding path of light 
that leads up to the sun -for without air 
there is no daylight. Our pilot lets us look* 
through the telescope he has trained on the 
planet we have left. What a gorgeous sight’ 
There is Mother Earth spinning majesti- 
cally beneath us —much as a top spins. 


at this distance she seems to do it very, 
very slowly. 

Naturally it gives us rather a start to see 
our native world so far away. But this is 
nothing to our amazement when our* pilot 
tells us about the rocket we arc in. First he 
calls our attention to the fact that it is full 
of growing plants. These, he explains, hel[) 
to keep the air fit for us to breathe. For 
jdants use carbon dioxide (dl-ok'sul) — a jioi- 
sonous gas that our lungs give off -and in 
turn release oxygen, which we must have to 
breathe. So we do not need to carry so 
large a supply of oxygen with us. lie shows 
us, too, the system by which the moisture 
from our breath is turned into drinking water. 

When Mother Earth Becomes a Moon 

'There is so much to sec and learn about 
inside our amazing rocket that the hours 
speed by unnoticed. Suddenly someone 
hajjpens to glance at the moon. 'To our 
grt^al sur|)rise we see her lying r)ut of our 
course entirely away to tiu' west of the 
direction in which wc are traveling. But 
our pilot hastens to relieve our dismay by 
explaining that if we continue at our present 
whizzing speed the moon’s own march v\ill 
have l)roiight her directly in our path by the* 
time wc are 240,000 miles from the earth. 

Wc dash full speed ah(‘ad,.„walching the 
distant stars, which stand out vividly be- 
cause we do not have to look through the 
earth’s dense atmosphere. Suddenly some- 
one looks behind and gives a mighty shout. 
'There is an enormous bright disk swinging 



Of course we have always known 
that she revolved, but 
now we can actu- 
ally see her 
turn -though 








/'-AsrgrgaiiMoaaMii 
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In the large pictuie is a scientist’s idea of what scenery 
must be like on the moon. We know that he cannot 
be far wrong, though no one has ever gone there to 

along under us. Our jxdicnt ])ilot explains 
that then* is no reason for surprise. W’e an* 
only looking at our own old earth, now re- 
lleeting the sunlight for us just as we have 
seen the moon do all our lives. Ikit what 
a magniheent sight she is! I'or she is many 
times larger than the moon and we are much 
nearer to her besides! 

Landing on the Moon 

but the time goes fast, before we realize 
it four days have i)assed, and here is the 
moon directly in our path. You can guess 
how eagerly we scan her rugged face. We 
turn the rocket's tail toward the moon and 
start the motors. rhey counteract the 
moon’s gravitational pull, and we settle 
easily down on her surface with tlie rocket’s 
nose straight in the air. If we had bem 
landing on a planet we should have had lo 
shoot by it and circle back in order to brake 
for landing. For ])lanets, since they are 
larger than the moon, would i)ull at us with 
much greater force. Our motors alone could 
never keep us from crashing. 


paint or photograph it. After all, those mountains are 
not very different from the ones shown in the small 
photograph, which was taken in America. 

Our j)il()l cx|)laiiis that the moon has not a 
drop of water on her anywhere, that it is 
douhtful if she ever has had. I'lic so-called 
“.seas” shown on maps of the moon are only 
rlark patches that go to form the face of the 
Man in the Moon. Moreover, the moon has 
no air. So unless \vc use instruments which 
he HOW’ gives us, we shall not be able to 
talk logtMu’r. Our \oiecs will not tarry. 
Our lips will move but will make no sound. 

.\l last all is made ready and we are able 
to land. We jump eagerly to earth — or 
rather we should say “to moon.” But to 
our amazement we come down a hundred 
feet away. 

Exploring the Moon 

“It is all very simple.” our smiling guide 
e\])lains. moon is so much smaller 

than the earth, and therefore pulls us so 
much less, that we can jump much farther 
though of course we don’t come down any 
harder. I'hat is all.” 

rhen, too, there is no air here to offer 
resistance to our forward motion. \t home 
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the thick blanket of air — which weighs 
fifteen pounds to the square inch — ^holds us 
back whether we walk or run or jump or fly. 
Whenever we move swiftly we can feel its 
force against our faces — like a wind. It is 
not unlike the resistance that we feel when 
wading in the water; only it is not so great 
because the air is not so dense as water — 
and we are a good deal less conscious of it 
because we are so well used to it. 

As we start off on our tour of inspection, 
one of our party steps by accident into the 
shadow of a huge rock. 

Instantly he is lost to ^ ^ 

view, hidden in total 

darkness. On our earth I 

the atmosphere will 

spread a ray of light 

over a much larger area 

than the one it is di- 

rectly shining on. But on 

the airless moon a sunbeam 

can illumine only the 

jects that strikes. 

All others are blotted 
out as if they had no 


say, “complementary”: the “full earth” 
would <Kcur at the time of the new moon, 
the earth^s first quarter would fall at the 
time of the moon’s third quarter, and so on, 
with all the phases just reversed. It seems 
almost unbelievable that this gleaming 
crescent, showing a bit of the great ice caps 
at the North and South Poles, should be 
our good green earth. 

But what a dazzling radiance the sun 

I sheds ! It is much brighter 
k than on our earth, for the 
L rays arc not obliged to 
w penetrate a thick blanket 
% of atmosphere. Glitter- 
|| ing they fall from the 
jr inky sky upon the lifeless 
surface round us, and 
hard and black the shadows 
lie behind every rock and 
hill and mountain, with a 
sharp edge such as shadows 
never have on earth. 

Wc amuse ourselves 
by looking down a 
neighboring ‘Crater” 


existence. If our earth were Anyone could ^ an athlete if he lived (kra'tcr) though it is not 
- . ^ . on the moon. The boy at the left, who , . 

so unfortunate as to possess is struggling under the weight of a hun- li^c mouth of a volcano. 

no atmosphere, we should What a liolc! It is a hun- 

, 'Ll 1 • Li .1 • X Strong man when he finds himself on 

have black night the instant the moon, as shown on the right, for dred miles across. We as- 

after sunset, andneitherdawn *‘*o?s«'hlmdwd^)ounds* ^ mighty peak 36,000 


nor twilight. As it is, we have 
a long and gracious period of gloaming added 
to the day at either end; for even after sun- 
set our atmosphere absorbs and scatters and 
reflects the light that the departed sun is still 
sending up into the sky from just below the 
horizon. 

Behold I the Crescent Earth 

We summon our vanished friend and then 
begin to scan the sky in search of Mother 
Earth. And lo! we behold her as a mighty 
crescent, gleaming against a coaUblack 
heaven — for it is atmosphere that gives our 
earth its bright blue sky. We might have 
known that she would look like that, for, 
if we remember our experiment with the 
lamp and tennis ball, we shall know why a 
person on the moon would see the earth go 
through the same phases that we see the 
moon pass through. But they are, as we 


feet above the plain — how 
easy it is to climb on the moonl With 
perfect ease we can pick up and toss big 
stones that wc could hardly lift at home. 
Our guide tells us that on the earth he 
weighs 168 })ounds but that here in moon- 
land he weighs only 28. For since the moon 
is much smaller than the earth, she cannot 
hold an object with anything like so strong 
a grasp. As we have said before, a body’s 
gravitational pull '-or its attraction for other 
bodies- -depends upon its size as well as on 
its distance from them. 

It is now the end of a lunar day — perfect, 
as all lunar days are \ycriect, in its cloudless 
brilliance, and almost fifteen of our earthly 
days in length. We have ' enjoyed some 
354 hours of ceaseless sunshine. Even so 
we should have perished but for our cold- 
proof clothes. For on the moon there is no 
quilt of air to hold the least bit of the heat 
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Photo by Auerioon Miuieum of Natur^ lllBiory 


When we see the moon's thin crescent in the evening a very good idea of what a landscape on the moon 

sky, it does not often occur to us that to her our own must be like. Though it is daytime, the sky is inky 

old earth shines with a radiance that must be dazzling. black, for the moon has no atmosphere to spread out 

For of course we reflect the sun's Ught to her, just as the li^ht into a bright glow. The stars are out day 

she reflects it to us. The picture above will ^ve you and night, and the "full earth" shmes majestically. 
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A number of telescopes bring the moon as near as it is teors dashing into the moon with torrific force. The 
shown in the large picture, which will give you an idea ones with sharp outlines are the ndwer ones. Notice 
of what the moon's surface looks like. Those great how black the shadows are. The inset shows how one 
craters were not formed by volcanoes but by giant me> of the small craters may look. 
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11 I by 'N cikt. <• B r t ta 

This IS a very lifelike photograph of the face of the 
Man in the Moon Of course it uas taken through a 
telescope, but you will be amazed to find how dis- 
tinctly you can see him through a good pair of field or 
opera glasses If you look at the moon when it is a 
crescent some three or four days old you will have no 
trouble in seeing the mountains that stand out along 
the crescent’s inner side Of course all those pock- 

that the sun is pouring down It a thing is 
in Uic sunshine it is hot, but if it is in a 
•shadow it will bo frtt/ing inslantK ioi 
exactly the same rtason that il will bo i)ikh 
dark bo Ihoro can bo no w iv of kttj) ; 
waim on the moon 1 v< n if one side of us 
vvcrc hot, the other suit would Ik Iro/tn 
stiff * For the tempera tuio on that side 
would be hundreds of degrees below zero 
Someone suggeslb that we explore the 


marks are craterb caused by meteorites striking the 
moon The large dark patches are the “seas” that 
never were seas at all but were probably caused by the 
spread of molten rock The “rays” or bright lines ra- 
diating from a crater show clearly near the large cra- 
ter not far from the center of the picture The black 
dots are shadows cast by mountains From noon to 
midnight the moon’s temperature vanes nearly 600 F 

moon’s hidden side, which no one on tlie 
cailh has c\cr setn, because the moon al- 
wa\ turns the same lace to us But most 
of Us shuddci it the thought of facing the 
h iiiNhips of ilK long lunar night So we 
elinil) iboiid oui swilt roeket and |ust as the 
sun is sinking o\ci the moon\ western 
(<lgt, we dabh baek toward the earth and 
oui own co/v nook bv the lire, there to 
ponder all the maivcls we have seen. 
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Reading Unit 
No. 6 


TRAVELS IN OTHER WORLDS 


Note: For basic information 
not found on this page, consult 
the general Index, Vol. 75. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


Interesting Facts Explained 


Which is the smallest planet? i— 
146 

Why is one side of the planet 
Mercury hot and the other side 
cold? 1-146-47 
Aside from the sun and moon, 
which is the bripjhtest object 
in the sky? 1-148 
Which planet is sometimes re- 


ferred to as the earth’s twin 
planet? 1—148-49 
Which planet is nearest to the 
earth? 1-148 

On which planet is the year 687 
days loiiK? i- 1 50-5 1 
Why are the moons of Mars con- 
sidered queer? i— 151 


Things to Think About 


How could one boy play a game 
of baseball with himself on one 
of the moons of Mars? 

Are there men on Mars? 


Why might people on Mars have 
need of canals? 

Why is a day as long as a year on 
V^enus? 


Picture Hunt 


How is the “transit of Venus” 
between the earth and the sun 
used to check the distance be- 
tween them? 1-148-49 


Why did some people think that 
there might be life on Mars? 
1-152 


Related 

What is believed to be the origin 
of the planets? i-i-ii 

Was a planet ever destroyed? i— 

6 

How did Captain Cook, the great 
English explorer, help astron- 
omers? 13-489 

What are the gravitational condi- 

Leisure^time 

PROJECT NO. I : Make a clay 

model of the surface of Mars, i- 
152. 

PROJECT NO. 2: Show your 


Material 

tions on Mars? i— 30T-2 
Which planet has polar conditions 
similar to those on the earth? 
13-404 

How were the names <if the plan- 
ets taken from Grecian myth- 
ology? 1-109, 147, 154, 155, 

A ctivities 

friends how the “transit” of 
Venus or Mercury could be ob- 
served with a lens and a mirror, 
1-146, 148. 


Summary Statement 

Venus, Mercury, and Mars are tern which are the nearest neigh 

the three planets in the solar sys- bors to the earth. 
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I'rcaH <’ \ liil't 


Scientists believe that if we could travel by space ship see it on earth, and since the planet always turns the 
to Mercury the landscapes we should see there would same side to the sun the heat on that side would be 
look a Rood deal like the one Mr. Boncstell has shown terrific probably high enough to melt lead. Asbestos 
here. The sun would look three times as large as we suits would not protect us very long there. 


Frorti u pHintinx < |ii«in HuiipvkH tur tlip Uonk THl' (■f)N()l'H'r OK Sl’ACI Ijj C'tn‘Ml**\ Uniiftdl umI WiIU l.r\ ihiI.Ii-IimI li\ 'I'liPXikinK 
Kroxi. 'i- ( II I '117 

Until lately scientists thought that Venus had a hot, much as Mr. Bonestell, the artist, shows it above a 

moist climate. Now they feel sure that the clouds in strange, parched, windswept world of swirling sand and 

which she is veiled contain little or no water vapor. So fantastic wind^carved rocks. The clouds almost never 

she must be a reddish desert, with a surface that looks part to show the sun. 



Who has not lain on his back of a clear summer day he lay there » has ever remembered that countless stars 
and looked into the cloudless sky above? And who, as he could not see were swimming there before him? 


TRAVELS in OTHER WORLDS 

Some of Them a Thousand Times as Big as Ours and Some 
of Them So Tiny That We Could Walk All the 
Way around Them in a Morning 

0 AN has always been exploring, rhe cold, mois. and dry, offered about the only 

need of food and the desire for riches change, li was the same old earth wherever 

or adventure have from the earliest they might go. 
times sent him wanrlering into the wilder- But scattered through the heavens there 
ness or sailing over the uncharted seas. The are worlds so strange that the most learned 
names of the earliest explorers are all un- men are at a loss to know some of the 

known to us, but they arc none the less simplest facts about them. The earth, 

deserving of our gratitude and admiration. which man has so thoroughly explored, is 
And now at last the earth is almost con- one of the smaller bodies in the universe 
quered. Seas, jungles, and the frigid poles and perhaps one of the less important, 
have given up most of their secrets. But Even from the nearest planet she would be 
are exploration and adventure dead? no more than a liny point of light, and from 

in one sense they have just begun! For the farther ones she could not be seen at all. 
there are still exciting expeditions of the Tf this is our relation to the planets, which 
mind into worlds so unlike ours as to stagger in comparison with the stars are in our own 
the imagination.' The explorers of our ow'n front yard, imagine our littleness in the 
familiar planet never found conditions greatly scheme of the whole universe. For if the 
differing from those at home. Hot and sun and earth and her eight sister planets, 
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with all their moons, and all the meteors 
and comets were rolled into one huge ball as 
bright as the sun, the ball would still be too 
small to see from many of the distant stars. 

Which Is the Smallest Planet? 

Such is the size of the universe. But we 
need not worry for the moment about the 
suns so far away they cannot see us. Our 
trip of exploration will be long and strange 
enough if we only call on 
the planets right around 
us. We cannot do better 
than begin with the one 
we know as Mercury. 

Like all the other plan- 
ets, it is just a world 
like ours. It is not a 
sun, as are the 
stars, and it shines 
only because the 
sun is shining on 
it as it circles round 
him. 

We do not know 
who first discovered 
the little twinkling 
planet Mercury 
(mhr'ku-rl) — probably a man in the Stone 
Age. The Assyrians and the Greeks knew the 
little fellow well and called him the evening 
star — visible for only a few hours on the 
westerly horizon during the early evening 6 f 
certain days. But they also noticed that he 
had a twin of similar habits and appearance, 
who at other seasons of the year twinkled 
over the eastern horizon just before sunrise. 
They called the twin Aj^ollo, or the morning 
star. It was not till men had learned a 
great deal more about the heavenly bodies 
that they found out that Mercury and 
Apollo were the same “star” — and not a 
star at all, but rather the baby in the svm’s 
iamiVy of planets. According to the season 
of the year, he is visible in the evening in 
the west or in the morning in the east. 1 le 
is hard to study, for he is so near the sun 
that he is lost in its vivid light. 

But we know certain facts about him. His 
diameter is only 3,100 miles less than half 
that of the earth. We rarely sec him with 
the unaided eye, for he keeps so near his 


parent sun that except in the soft twilight 
his little glimmer is lost in the brighter light: 
His year is eighty-eight days long; that is,, 
he is so near the sun that he can circle round 
it in very much less time than we. He is 
the swiftest, too, of all the i)Ianets, for he 
dashes along at an average speed of twenty- 
nine miles a second. During his journey 
round the sun, he himself turns round just 
once — or, as we say, he rotates once upon 
his axis; for the axis (ak'- 
sls) is an imaginary line, 
drawn through a sphere 
from pole to pole, around 
which a body spins. 
Mercury’s day and year 
are therefore equal 
in length, just as the 
moon’s are; and he 
can pever turn but 
one face to the sun. 
So on one side of 
him it must be al- 
ways day, and on 
the other side eter- 
nal night. 

Because the little 
fellow goes around 
the sun some four times to our once, he has 
to pass between us and the sun; and he has 
phases, just as the moon has,'‘since he shines 
only with the light he can reflect from the 
sun. At rare limes it hapj)ens that in j)assing 
us he gets right in a line between us and the 
sun, and through the telescope we can then 
sec him as a very small l)lack dot traveling 
slowly across the sun’s bright disk. If he 
were larger he would cause an eclipse, but 
since he is so tiny we call it a “transit 
of Mercury.” There was a transit in May, 
1924, and in November, 1927; and an- 
other in May, 1937. The first was seven 
hours and fifty minutes long, almost as long 
as a transit can ever take. The next one to 
be wholly visible in the United States will 
take place November 14, 1953. Transits 
of Mercury always fall in May or in No- 
vember. 

So far as wc know, Mercury has no moon. 
In fact, certain astronomers have believed 
that Mercury himself was once a moon, 
dancing attendance on the now moonless 



On these scales we have our own earth at the right, 
and on the other balance twenty-five small planets 
each one the size of Mercury. Yet they do not tip 
the beam. 
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This is the planet Venus, the brightest object in the 
heavens after the sun and the moon. Because she is 
usually wrapped in clouds, astronomers seldom have 
a chance to see the lines on her face, and when they 
do, the markings are not nearly so clear as is shown 
here. Depending upon where Venus is in relation to 


us and to the sun, we see her in various phases, just 
as we see the moon. Those phases are shown beside 
the large picture of the planet. And at the extreme 
right is a sketch of what one seems to see when 
Venus passes between us and the sun. Here she is 
shown at the beginning of her journey across his disk. 


planet Venus. But on Mercury the sun is 
magnificent and terrible. For at its nearest 
it would look more than ten times as large 
as it doer ns on earth; and the heat would 
rise at times as high as 770 degrees Fahren- 
heit. Such a tem|)eraturc would make an 
ocean boil and would melt tin and lead. 
But only half of Mercury can feel it; for his 
back is always turned away, and he must 
shiver in a cold hundreds of degrees below 
zero. It is hard to think that any kind of 
thing can live in such extremes. 

Has Mercury an Atmosphere? 

The telescope shows us faint markings on 
Mercury. 'Fhcy suggest mountain chains or 
outlines of land areas, but we do not know 
what they arc. As to an atmosphere, no one 
can tell for certain, but any Mercury has 
must be exceedingly thin, for when the planet 
is in transit across the sun there is no sign 
of one. F.ven (luitc a thin one would then be 
evident, for it would bend the rays of light 
as the ])lanet passes the edge of the .sun’s 
disk and we should sec a bright rim along the 
planet’s edge that lies outside the sun. 

But more than this, Mercury and me 
moon, which is airless, reflect about the same 
percentage of the light they receive from the 
sun -that is to say, seven percent, which is 
not high. Planets' with an atmosphere shine 
much more brightly. They have, as we say, 


a high*n- albedo (ill-be'do) — for that Spanish 
word for “whiteness” is used to indicate the 
ratio between the amount of sunlight a spher- 
ical body receives and the amount it reflects. 
The earth, for instance, must have an albedo 
of over fifty percent. 

Mercury may once have had a denser at- 
mosj)here. Hut some of it may well have es- 
caj>e<l into outer space, and a great deal, if 
not all, of what remained must have found 
its way to the planet’s cold dark side and 
have frozen solid there. 

All the planets except the earth bear the 
names (ireek gods. The swiftest of them 
is fittin^Jy named for Mercury, whose winged 
sandals v.irricd him with unimaginable speed 
on errands for the other deities that lived 
on Mount Olympus. 

The Jewel of the Heavens 

The name given the planet Venus was 
also a I flippy choice. For Venus was the 
goddess of beauty and love and laughter. 
Atiording to one story she sprang from the 
foam of the sea, though another made her 
the daughter • f Jupiter and Dionc (di-o'ne). 
The ocean nymphs discovered her and bore 
her down to their coral caves, where they 
tenderly nursed her and cradled her on a 
great blue wave. But when she was of an 
age to be presented to the gods, they set 
her adrift on the sea to be wafted to the 
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island of C)rprus. There she was met by 
gods and goddesses and conducted to her 
waiting throne on Mount Olympus, where 
she was beloved of all the gods and god- 
desses and worshiped by all men. 

So it is small wonder that the most bril- 
liant of all “stars” should have been named 
for her. For next to sun and moon, Venus 


a tiny crescent at these times as to be almost 
invisible. Her distance from the sun is 
67,200,000 miles, and her orbit (dr'bit) — . 
or path — round him lies between our own 
and Mercury’s. Venus and the earth are 
often called “twin planets,” for the diameter 
of Venus is 7,700 miles, only some two 
hundred miles shorter than our own. But 



Photo by Th« Corporation c»( Manohfwter 

Tobn Cnbtree, t merchant living near Manchester, in 
England, and Jeremiah Horrocks, his friend, were the 
fkst men who ever beheld a ^‘transit of Venus**— that 
is, the passage of the planet between the earth and 
the sun. On a Sunday in November, 1639, when he 
knew that the transit ought to take place, Crabtree set 

is the brightest object in the sky. She is so 
brilliant that she can cast a shadow and is 
sometimes visible in broad daylight; but it 
is just before sunrise or just after sunset 
that she may be seen in her most dazzling 
splendor. Her albedo of fifty-nine percent is 
the highest in the solar system. But, like 
Mercury, she is not always visible. At 
times she appears as a crescent, which 
gradually changes to a half moon and finally 
becomes full, just as our moon does. This 
fact was discovered by Galileo (Gal'I-l€'6) 
as early as 1610. For when the great as- 
tronomer turned his first telescope upon 
her, he saw her pass through all the phases 
of our moon. 

The Earth’s Twin Planet 

At times Venus is nearer us than any 
other planet, for then she is a mere 26,000,- 
000 miles away. Unfortunately, she is such 


up a mirror in such a position that the sun*s rays 
should fall upon it; he was rewarded by the sight of a 
small black dst slipping across the image in the mirror. 
**Rapt in contemplation, he stood for some time mo- 
tionless, scarcely trusting his own senses through ex- 
cess of joy.** This painting shows the event. 

she is much nearer the sun and gets a good 
deal more heat and light than we do. She 
moves swiftly around her almost circular 
race course at a rale of nearly twenty- two 
miles a second. Because she is wrapped in 
a dense curtain of cloud that covers her sur- 
face we do not know the length of her day. 
But we do know that she revolves more than 
once during her 225-day year, for her dark 
side gives off heat — which it must get from 
the sun. Her atmosphere has a hundred 
times as much carbon dioxide as ours has, 
and since that is a gas which absorbs and 
retains heat her surface temperature must be 
very high - high enough to boil water. But 
so far no sign of oxygen hafi been discov- 
ered in her atmosphere and no sign of water 
vapor. So it would seem that she has little 
or no water. And if that is true she must 
be nothing but a reddish desert of fantasti- 
cally carved out rocks and swirling sand— 
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For this god and goddess the planets Mars and Venus lied to violent Mars, the god of war; and this painting 

were named. The bright goddess of beauty was mar- shows us one of their many disputes. 


sand constantly whipped up by the winds 
that are always sweejdng her surface. For 
on Venus there must be a great difference 
between the tcmi)eraturcs of day and of 
night, and that difference in temperature 
would raise powerful, never resting winds 

Venus has no moon, though scientists have 
at times thought they saw one. Tf she ever 
does get a glimpse of earth she llrids us a 
beautiful sight, for when she is nearest us 
she would see our full disk, with our little 
moon, a tiny dot, swinging along beside us. 

Once in a while, like Mercur)% she passes 
right between us and the sun. At this time 
she looks like a small black patch upon the 
sun’s bright face. Whenever a “transit of 
Venus” takes place, hundreds of telescoixis 
are turned upon her in order that asr >n- 
omers may test the accuracy of many of 
their measurements — especially of the sun’s 
distance from the earth. 

But tliey do not often have the chance. 
The event last took place in 1882. Many 
who are now reading these words will have a 


chance to sec it in 2004 and 2012. Usually 
we have a pair of her transits in a century — 
always in June or in December — but in the 
present century none are scheduled. 

Mars, the Ruddy Planet 

Jupitc r and Juno had a son who has fallen 
into very bad repute, because he fostered 
so mi'ch strife and suffering. For Mars was 
the god of war. To him the din of battle 
was sweeter than any other music, and 
gentleness and kindness were unwelcome 
to his fierce, destructive soul. People in 
all ages have feared him, and at mention 
of his name the whole world shudders. 

He was represented as clad in gleaming 
armor, a pluiucd helmet on his head, a spear 
in one hand, and a shield in the other; and 
for attendants he had Eris, or Discord; 
Phobos, or Alarm; Metus, or Fear; Deimos, 
or Dread; and Pallor, or Terror. Red was 
the color for the battle ensigns of the ancient 
Greeks, and it was not unnatural for the ruby 
planet to be named after the god of war. 
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The diagram above shows the sun with those of his 
children that lie nearest him. First comes little Mer- 
cury, then Venus, then our own earth vrith its moon. 


then Mars with his two little moon?, Deimos and 
Phobos, and last of all the tiny planetoids, strung like 
little beads each one upon its own separate orbit. 


Next to Venus, Mars is the nearest of all 
planets to the earth; his path around the 
sun lies just outside our own, and at times 
he is only 35,000,000 miles away from us. 
Once in two years he comes, as we say, “in 
opposition’’; that is, he rises in the cast 
when the sun is setting in the west, or sets 
v.hen the sun is rising. At this time he is 
biggest and brightest at midnight, when, 
from the Northern Hemisphere, he is high 
in the heavens and due south. It is not 
difficult to study him, for, unlike Venus, he 
has few clouds in his atmo.‘4f)here. As a 
result we know more about Mars than we 
do about any other planet. 

A Year 687 Days Long 

The Martian day is only forty-one minutes 
longer than our own, and its .seasons are 
almost identical with ours, barring its greater 
length of year. For it takes the war god 
687 of our days to make his circuit round 
the sun. The planet has no mountains, and 
three-fourths of it is covered with deserts 
that range in color from yellow to dark red. 
The other fourth consists of darker areas — 
certainly not lakes or seas — which change 
color with the seasons. At the poles are 
caps of ice and snow, probably a good deal 
less than a foot thick. They vanish in sum- 
mer, when darker areas appear in the vicinity 
— probably vegetation that depends for wa- 


ter on the melting ice. For Mars does have 
water, though very little of it. Its chnids 
are mostly yellowish sand or dust storms, 
with an occasional thin mist of ice crystals 
near the poles. 

Are There Men on Mars? 

Is there life on Mars? For years scientists 
have debated this question and have given it 
every kin<l of answer. Mars docs have an 
atmosphere, but one, we now know, that is 
too thin to suj>port man or any animal life of 
the kind we know. At noon the temperature 
is 50° F. at the equator 72° in the dark 
areas -but at sundown it sinks to 10°, and 
the nights must be bitterly cold. 

In 1877 an Italian astronomer named 
Schiaparelli (skyii'pa-rCl'le), looking through 
a ])owerful telescoj)e, saw certain narrow 
markings on the surface of Mars. They 
looked to him like great channels. In his 
description of them — written in Italian and 
telegraphed to Greenwich, England — he 
called them “canali,” which means simply 
“channels.” But an Englishman, trans- 
lating the description, mistook the meaning 
of “canali” and called them “canals.” 
There was no catching up with the mistake. 
People jumped to the conclusion that since 
canals are made by man, there must be men 
more or less like us on Mars to have made 
the canals there. 
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An American astronomer, Percival Lowell little inner moon, which is called Phobos 


(1355-1916), who studied Mars through a 
very strong telescope at a great height in 
Arizona, also came to believe in the ex- 


(fo b6s), and his still tinier brother Deimos 
(di'mos) were discovered in 1877 by Asaph 
Hall (1829-1907), who named them for 


istence of the canals, and had many followers, the war god’s sons. Deimos is perhaps not 


Hut other observers could not find them and 
no one knew for cer- 


tain whether they ex- 
isted or not. 1'hen, 
in July, 1939, Dr. 
Edison Pettit of the 
Mount Wilson and 
Palomar observato- 
ries was one night 
looking at Mars 
through a small tele- 
scojie in his backyard 
in Pasadena, Califor- 
nia. He was studying 
the planet’s changes 
of color. Suddenly a 
canal appeared, and 
then another- and 
another .unl an- 
other. By the end of 
the year he had seen 
forty. No longer 
could anyone doubt 
their e\istcnce. 

What thev are we 





more than five miles in diameter, the smallest 
^ moon in all the solar 
• ; ’r" system, but he is only 

12,500 miles away 
from Mars and like 
his brother is a 
speedy little fellow 
who makes the circle 
round his ferocious 
parent in 132 hours. 
A boy could jump 
half a mile into the 
air on little Deimos 
and would need five 
minutes to come 
dowm again; and a 
man who on our owm 
globe weighed 1 50 
pounds, on Deimos 
would not weigh 
more than a quarter 
of a pound. 

A person of lively 
imagination can plan 
amazing sports to 


do not know though K you could stand on Phobos, one of the tiny moons of take place on a little 
«i .-ii II I Mars, that planet would probably look about like this to ^ 

they still arc callccl yQ^ J£ yQ^ were looking at it in its crescent stage. You mooil like this. 1 * 0 - 
“canals ” 'riiev must would certainly have a clear view of the “canals” -and you fessor F. R. Moulton 
, ' -1 might even be able to find out what they are. , -u r 11 

be .some liftv miles describes the follow- 

wide and they go (|uite straight. Someday ing gjic.e of baseball which a lonely boy 
when space ships travel to Mars we may find could piay with himself on Phobos, if only 


out more about them. Meanwhile we may 
be sure that no men live on the planet. 

Queer Moons That Attend Mars 

To the Martians our old earth would be 


he had air to breathe. 

“Our one-man team w'ould first take the 
position of pitcher and throw the ball 
horizontally. The ball w^ould go all the 
wav around the moon. He would then 


the queen of stars, a jewel in their sky at have lime to get a bat and strike at it. If 


dawn and dusk much as Venus is in ours. 
But the sun would seem much smaller than 
to us. Three times a day a little moon. 


he missed it he could take his three strikes, 
then put on his mask, gloves, and chest 
protector, and catch himself out when the 


perhaps some ten miles through and only ball came aiound the fourth time. 

3,700 miles away from Mars, would go “In case he hit the ball, and it bounded, 
galloping round the planet -a funny little he could play the part of an infielder by 
fellow that in the evening would be seen picking the ball up as it came bounding 
as a tiny crescent rising" * of all places "in around the moon. He then could throw to 
the west, and some four hours later would first and catch himself out on the base as 
have grown to be a bright full moon. This the ball came around again. If he hit a 
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fly in place of a grounder, he might draw 
on his glove and, playing the part of the 
center-fielder, catch himself out. A strong 
batter might make a home run.” 

Making a New Moon for Mars 

The last sentence sounds tame enough, 
but it means that the batter could knock 
the ball right off the moon, so that it could 
never come back but 
would start out on a 
career own as 
little moon to Mars. ‘ 

All this is just a joke, 
if you like. But it is ^ 
all absolutely true, just : 
the same; and if we 
could ever live a while ‘S ' 

on little Phobos, we ^ 

could play ball just like l 

I 

For many years, and \ . .•* ; 

especially since the in- 
vention of wireless, it ^ 

has been the dream of 
man to communicate 
with Mars. Indeed, 




V’ %,/, 




was a planet traveling around the sun be- 
tween Mars and Jupiter. Finally a German 
astronomer, Baron von Zach (f6n tsaK), 
began to conduct a thorough search for it. 
He appointed twenty-four astronomers, at 
different places in Euroi)e, who were to rake 
the heavens in an effort to find the little 
wanderer. But in spite of all their care the 
tiny truant slipped between the fingers of 
these armed policemen 
— only to fall into the 
clutches a man who 
was not thinking of 
capturing a baby planet 
Eor while an 
astromoner named 
/' (l)yat'se) was 

T . ■ one night making a 

H map of the stars at 

' Palermo, in Sicily, he 

, ^ ,#' saw the little fellow 

through his telescope. 
T'his happened on the 
first night of the nine- 
century — Janu- 
ary I, i8oi. He im- 
^ mediately sped the 

MV fllAV BAA ^ ^ 


off^rv»r>fe This IS wlist cerCftiii astronomers say they can see ^ A ^ . 

various attempts have pUnet Man. Since the ''canals'’ are too news to Germany, but 

U. en made to do so, faint t© be photographed, each observer must draw in those days communi- 
1 . f .1 1 what he sees. The straightness of the lines has , 

but so lar tnere has led people in the past to think they represented cation was SO slow that 
npvprhppn nn nriQwpr — canals dug by living creatures. But we know that K^r ,..^..,1 


never been an answer — by ere 

perhaps that may be 

because a Martian has never yet been born. 

Mercury, Venus, the earth, and Mars 
are fairly close together; but between Mars 
and Jupiter, the planet whose path around 
the sun lies next outside that of Mars, there 
stretch 300,000,000 miles of space. For 
centuries astronomers believed that this 
was empty, but now we know that it con- 


canals dug by living creatures. But we know that Uy i 

Mars could not now support animal life. - wora 


reached there the plan- 
et had escaped again. It was about a year 
before it was picked up once more. 

Hundreds of Little Worlds 

In honor of the place of its discovery the 
little world was named for Ceres (sc'rez), 
the patron goddess of Sicily. But since 
that time it has had to share honors with 


tains a group of hundreds — or probably of 
many thousands — of very tiny planets known 
as “planetoids” (plan'Ct-oid) or “asteroids” 
(as'ter-oid). These “minor planets” travel 
round the sun each in its own orbit, aji^d 
are suspected to be all that remains of a 
great “major planet” that once met with 
some stupendous accident. 

There is an interesting story about the 
discovery of these pigmy worlds. For many 
years learned men had suspected that there 


hundreds of other similar little spheres. 
In fact, they have become so numerous that 
they are known by number instead of by 
name — and the more there are discovered, 
the smaller they become. Ceres measures 
four or five hundred miles across, but of all 
the hundreds of its companioils only a 
dozen or so can boast of a diametjer of more 
than a hundred miles and probably most 
of them are from ten to fifty miles through. 
One has a diameter of less than a mile. 
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To future space travelers Mars may well show scenes of desert swept by dust storms. But there probably will 
much like this one, with worn-down mountains on the be green areas, too, like the one on the weather-worn 
horizon, a canal this side of them, and a wide expanse hillside in the foreground. 
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Reading Unit 
No. 7 


A TRIP TO THE GIANT WORLDS 

Note: For basic information For statistical and current facts ^ 

not found on this page^ consult consult the Richards Year Book 
the general Index, Vol. 1 5. Index. 

Interesting Facts Explained 

Why is Jupiter called the “king of Who discovered the rings of Sat- 
the heavens"? i -154-55 urn? 1-156-57 

On which planet is the year 120 Which planet has a moon nearly 
days long? 1-154 as large as Mercury? 1-156- 

Name a planet that is she.Tthed 57 

in ice thousands upon thou- Which planet rolls along its orbit 

sands of miles deep. 1-154-55 like a marble? 1-158 

What is the speed of light? i- Whick is the mo.st recently dis- 
155 covered planet? 1-159 

Things to Think About 

litiw clid Roemer use the moons How docs gravitation affect the 
of Jupiter to calculate the orbit of the planet Uranus? 

speed of light? Why is a day on Saturn only ten 

Why are the rings of Saturn some- and a fourth hours long? 

times invisible? 

Picture Hunt 

How many earths would it take How does the earth compare in 
to reach across Jupiter’s diam- size with Saturn's outer ring? 

eter? 1--155 i 15^ 

Related Material 

Why did the Greeks call Jupiter Who exp^^ined what the rings of 
the king of the Gods? i- i54 Saturn were? 13-877 

How is the speed of light meas- What is Saturn’s position in the 
iired lo-day? i 417 solar system? i 106 

What do scientists believe as to How was the planet Uranus dis- 
the way in which light travels? covered? 1—157-58, 13-404 

I 428 

L eis ure-ti me A cti vities 

PROJECT NO. i: I'sing a mar- PROJE CT NO. 2: Using a ball 

ble and a ball of proper size, dem- and cardboard make a model of 

onstratc the relative diameters of Saturn and its rings, 1—156. 
Jupiter and the earth, 1-155. 

Summary Statement 

The planets farthest from the Neptune, and Pluto. All but 
sun ar^ Jupiter, Saturn, Uranus, Pluto arc of enormous size. 
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Photo by Yerkcci Ubiiervalur> 


The Yerkes (yiir'k£z) Observatory, shown above, is University of Chicago, though it is situated at Williams 
one el the finest in the country. It belongs to the Bay, Wisconsin, where the air is clearer. 

A TRIP to the GIANT WORLDS 

Vast Planets So Far Out in Space That Their Noon Is a Dim 
Twilight and Their Year May Last a Century or Two 


UPTTER was king of the gods. I'hoy 
were an unruly lot, but he kej)! them 
more or less in hand and ran the world 
as well. His home was on the top of Mount 
Olympus, a beautiful spacious place where' 
all the greater gods lived in da/.zling splen- 
dor. From that scat of power they were 
long ago cast out by man’s ever-growing 
knowledge, but high in the heavens Jupiter 
still reigns as a planet in the evening .sky, 
sometimes rivaling the sjdendor of Venus. 
Tor once in every thirteen months he is 
“in opposition”; that is, he rises in the 
east just as the sun is setting, and then as 
he mounts the sky he grows brighter and 
brighter until midnight, ^'ou cannol miss 
him then, for he is indeed king oi the heavens. 

In size he is stupendous. If all the other 
planets were lumped into one, he would 
still be two and a half times larger than 
the body they would form. The combined 
surface of twelve hundred globes, each the 
size of the earth, would not be enough to 
provide him with a “skin.” In diameter 


he measures H(),yoo miles, and he averages 
48^,000,000 miles in distance from the sun. 
He gels only one twenty-seventh of the* 
light and heat that wv get. You will not 
be suri)rised that, since he is so far from 
the sun, ho tak(‘s a long, long time to travel 
nnmd it; you or 1 would have to be 120 
years old, as measured here on earth, before 
we could celebrate our t(‘nth birthday on 
Ju])iler. His year is equal to nearly twelve 
of ours, but if his year is long, his day is 
short — a little less than ten hours with live 
hours of daylight and five of dark. 'I'liis 
means that lie must .sj)in, at his etpiator, 
nearly thirty times as fast as the earth does. 

We are sure that this greatest of all 
worlds is uninh.abited. He is so far from the 
sun that he gets very little heat from it. 
Then, too, he is < overed by a dense layer of 
clouds made uf> of methane (meth'an) gas 
and ammonia crystals. 'They float on an 
atmosjihere of hydrogen. 'The body of the 
planet- probably solid rock and metal — is 
sheatlied in a layer of ice thousands upon 
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thousands of miles thick. For Jupiter’s tem- 
peralure is 210° below zero Fahrenheit. 

Yet in all this frozen night disturbances 
occur --“storms,” “erii|)tions.” 'Phey may 
be chemical explosions - of hydrogen i)erhaps. 
Or they may be actual volcanoes. 

As is befitting such a royal jdanct, Jupiter 
has no less than eleven attendant moons, 
two of them lugger than the planet Mercur\ 
and two others only some fifteen miles 
through. I'hree of the moons are i)erversely 
traveling in the opposite <lirection 
from the rest. ‘ lVTha])s they 
started life as asteroids but 
were seized in the gravita- 
tional arms of the great 
world and held forever 
ca[)tive. The four largest 
of these rnoons were first 
o])served by Galileo and 
are sometimes called the 
* ‘ M ed icean ( n lec 1 'T-se Ti n ) 
moons,” after a famous 
Italian who ruled in 

I’dorence at th<* lime of (heir dis- 
covery. It was the finding of them 
that jiroved to the world llvit 
(\)j)ernicus had not gone cra/y 
when he said that all the jilanets 
circle nmnd the sun. 

After the finding of the four 
large moons, a table w^as compiled 
t<i show when and where they 
could be seen and when they were 
due to disappear behind the planet or within 
its shadow'. And then it was found that, 
for some reason which Galileo could not 
understand, the eclipses did not run on 
scheduled lime. Sometimes the\ were eight 
minutes earl_\ and at other times eight min- 
utes late. 

The great puzzle was solved by Ole 
Roemer (re'mer), a Danish astronomer. 
He had an idea that it might take light- - 
swift as light may seem — a certain time to 
get from one place to another. It . • 1 
formerly been suiiiiosed to travel instan- 
taneously, just as if it wrre everyw'herc at 
once. Now' Roomer thought that iiossibly 
the reason why the moons of Jupiter were 
eight minutes late at one time and eight 
minutes early at anoiher w'as that it w'ould 


take the light sixteen minutes longer to 
get here from Jupiter when Jupiter was at 
his farthest from us than when he was at 
his nearest. And since Roemer knew the 
distance between the nearest and the 
farthest point, he had only to divide it by 
sixteen to fiiul out the speed of light. So 
in 1675 he made his first rough estimate of 
200,000 miles a second. It was the first 
lime the speed of light — by far the swdftest 
thing we know— harl ever been measured. 

The discovery of the speed of 
light was of vast importance for 
the progress of science. To 
be sure w'e have now ar- 
rived at figures more ex- 
act than Roemer’s; wc 
know the speed of light 
is 186,300 miles a second. 
Hut without his iliscov- 
ery our modern sciences 
of physics and astronomy 
could not have come 
about. It gave us a belter 
measure of the earth’s orbit and 
made our predictions of eclipses 
more acc'urate. And all this be- 
cause the far-off moons of Jupiter 
were not on time for their eclipses! 

Old Father Time 

We have all seen the old gray- 
bearded man wdio appears in al- 
manacs carrying an old-fashioned 
scythe. “Old Father Timc“ wc call 
him, l)ut his iirojicr name is Saturn. He 
was tbe .son of Uranus and of his w'ifc, 
the Farlh. They once ruled the w'hole 
worM until this son deposed his parents and 
became the father of Jupiter, by whom he 
was in turn deix^scd — though not before 
he had eaten several of his ow'ii children! 
For Saturn, you sec, was really ^‘Time,” 
whivli sooner or later destroys whatever it 
creates. 

Hut though his rejiutation was so shame- 
ful, the ol(l god had the most interesting 
planet in all the solar system named for 
him. It is not very beautiful to the unaided 
eye. Indeed, to the ancients the dim, yel- 
lowish fellow' was decidedly unlucky, and 
anyone who happeneii to be born under 



The great planet Jupiter 
is 88,700 miles in diam- 
eter. Ii. other words, if 
you could string beads 
the size of our own earth 
on a gigantic cable and 
hold the necklace up 
against him, it would 
take eleven of the beads 
to reach across his diam- 
eter. 




Let us suppose that you could take your stand on one 
of the planet Saturn’s nine moons. Your view of him, 

his influence was expected to be dull and 
disagreeable. But early in the seventeenth 
century, the famous Galileo turned the 
magic glass of his new invention toward 
• iie gloomy planet, and, behold ! — there was 
a body totally unlike any other in the sky. 
It must have been an exciting moment for 
the great astronomer. 

What Galileo Saw 

What he saw was a f)lanet seven hundred 
times larger than the earth and girdled with 
an enormous belt. We now know that the 
belt consists of three broad, flat rings, one 
inside another, floating in space, and not 
attached to the planet at all. The two 
outer rings are bright, and are separated 
by a dark space 3,000 miles broad. The; 
inner ring is by no means so brilliant and is 
so filmy that sometimes we can see the body 
of the planet through it. All arc very thin 
through; in fact, they cannot anywhere be 
more than ten miles thick. When they are 
tipped so that we look straight at the edge 
of them, they are almost invisible even 
through the most powerful telescope. But 
these thin whirling bands cover an area 
that is stupendous. The planet has a di- 


with his triple ring and his other eight moons, would 
be a good deal like the picture above. 

ameter of 71,500 miles, and the oulermost 
ring is 171,000 miles across from outer 
edge to outer edge. 

But what can these great wheels be made 
of? Only rather recently we have jiroved 
that they arc composed of millions upon 
millions of particles of “star^ dust,” like 
swarms of little meteors. The size of the 
particles we have no way of telling, but 
probably they are very small; and since 
they arc scattered far apart, each one is 
virtually a tiny moon that goes Avheeling 
round the great yellow planet. How amaz- 
ing must be the sight of them any clear 
night on Saturn ! 

Nine Gay Moons 

But Saturn has still other startling fea- 
tures besides his trijde ring. He has nine 
gay moons w^hirling around him. The largest 
of them is I'itan, even larger than the planet 
Mercury and the only moon in the whole 
solar system to have an atmosphere. That 
atmosphere contains a great deal of methane, 
or marsh gas. One of the smallest moons 
is Phoebe, a little globe that sails along 
high above Saturn’s other moons but in the 
opposite direction from the rest. She takes 
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To the observer following Saturn through a telescope, 
he presents a series of phases, just as our moon does. 

her lime, too, for her journey covers eight- 
een months, while Mim.is, the moon near- 
est Saturn, gets around in about twenty-three 
hours. One side of Japetus (jap'c-tus), a 
moon o*" moderate size, if for some reason 
five times as briglu as the other side. A 
tenth moon was discovered but is Tiow lost. 

l.ess than a hundred years ago certain 
astronomers believe'd that Saturn was in- 
habited by f)eings like ourselves. Now we 
know it is imjxissible. lM)r not only does 
he gel very little light from the sun, but 
he also weighs the least of all the ])lane1s 
for his size he is so thin that he could 
not bear us up. 'riunigh he is seven hundred 
limes larger than the earth, he is only ninety- 
five times heavier. He is so light that if 
there were an ocean large enough he would 
tloal in it like a cork. 

Saturn is 880,000,000 miles away from 
the sun - so far that he can gel ver>’ little 
light. His path around the sun is propor- 
tionately long; it takes him almost thirty 
of our years to get around. Hut though he 
is so large, he is exceedingly lively. He 
spins so fast that his day is only 10/4 hours 
long. In structure Jupiter, Saturn, and die 
planet next beyond them arc about the same. 
All have atmospheres. 

rhe planet is of amazing beauty when seen 
through the telc/jcope. Around its equator 
is a bright golden-yellow belt, with gray 
on either side. Gray stripes shade into ])ink 


Depending on the angle one views him from, one sees 
the rings edgewise or from above or below. 

and yellow stripes over the rest of the sur- 
face ntil, near the poles, there is bright 
greenish blue, with dark gray ca[)ping the 
poles. The gorgeous ball i.s girdled by its 
whirling rings of grayish blue, with little 
moons strung like beads along the edge. 

On a clear moonless night in late spring 
or early summer you may possibly be able 
to see a small j)ale-grecn light in the distant 
heavens, far above the horizon. The un- 
trainecl eye would take it for a star. You 
must know’ exactly where to look and you 
must look very closely, for the faint waves 
of light have traveled twice r,8cx),ooo,ooo 
miles to get to you. First they w'ent out 
this fai rom the sun tf) the distant planet, 
and tlieii they were sent back about the same 
distance from the planet to you. \o wonder 
they are dim they have traveled nearly 
four billion miles out and back. 

Captured by the Telescope 

Uranus (u'ra-nus), for that is the planet's 
name, was quite unknown in ancient times, 
and even after the invention of the tele- 
scope was thf'ught to be a star. But in 1781 
Herschel (1 1822), a star-loving German 

music teacher and organist who lived in 
Kngland, discovered that the star was a 
very distant planet. At first lie doubted the 
di.scovery, thinking he might have seen a 
comet; but the fad was finally established 
and the new world was first known as 
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“Horschel’s planet.’^ Later it was chris- 
tened Uranus, after the father of Sjiturn. 
This was the first planet to be discovered 
through the telescope. 

It lies so far away from its parent, the sun, 
that its temperature is 300® below zero. 'Flie 
sun must be only a glittering speck on the 
hori/on—as Venus or Jupiter is to us. 
Because of tliat great distance the year is 
very long. Few of us there would ever see 
our first birthday, for the 
Uranian “year” is as long 
as eighty-four of our 
years. But a “day” 
would be extremely short 
-live hours toward the 
sun and live hours away, 
d'his means that Uranus 
must whirl very fast, for 
it has a diameter of ,^2,- 

000 miles - four times 
greater than the earth’s. 

Its a.\is is tilted so far 
that the planet rolls along 
its orbit like a marble. 

About its surface we 
know nothing. 'I'here are 
five moons, moving, like 

1 iioebe, in disregard of 
solar traffic rules. 

For many years Uran- 
us was believed to be the outermost of all 
the planets. But he did not behave quite 
as a planet should, from time to time he 
got a little off the track in his course around 
the sun. Finally a young Engli.shman named 
John Couch Adams (181Q-1892), who was a 
student in Cambridge University, heard of 
these irregularities in the planet’s motion. 
It occurred to him that the whole matter 
could be explained by supposing another 
planet still more distant, w'hich by its gravi- 
tative pull might be disturbing Uranus In 
1843 be set out to cILscover where such a 
planet might be found. But he did not rake 
the heavens with a telescope to search it out. 
Instead, he sat down with a pencil and for 
some two years he covered sheet after sheet 
of paper with his figures. When he was 
twenty-six he had solved the problem. 

He made out a chart showing w’hcrc the 
planet should be found, and took it to Sir 


(ieorge i\iry (1801-1892), who was then 
Astronomer Royal at the Observatory in 
Greenwich, England. It was his hope that 
yViry woulcl ]^oint the great telescope at the 
spot indicated and find the new world as 
predicted. But Airy did not recognize the 
value of the paper that w^as given him. He 
put it in his desk and left it there, much 
to young .Adams’s disappointment. 

About a year later a French astronomer 
named Leverrier (le-v?'- 
r>’rU), who had been mak- 
ing calculations similar 
to tho.se of Adams with- 
out knowing anything of 
Adams’s work, an- 
nounced to the world 
where the unknown jilan- 
et could be found. Tele- 
scopes at Berlin at once 
began the .search, with 
the result that the planet 
was .seen in Berlin b\' 
F. G. Galle (1813 1910) 
(Ml September 1840. 
.Airy at once announced 
that a similar jirc'diction 
had been submitted to 
him by Adams. There 
was a great di.scussioii as 
to who .should have the 
credit for the discovery, though Leverrier 
himself had so little pride in it that during 
his whole life he never took the trouble to 
look at the f)lanet through a tclescojie. We 
now give the honor to both. In later years 
the two brilliant mathematicians met and 
liecame lifelong friends. 

Neptune, God of the Sea 

Th(‘ new world was named for Neptune, 
whom the anciemts had worshijied as the 
god of the sea. He was a majestic jiersonage, 
with llowing hair and beard, a forked sjiear 
in his hand, and a crowai of seaw^eed on his 
head. From his coral caves he could stir 
up or quell the wildest storm or send an 
earthquake. His namesake is by no means 
so terrible. We cannot see the jilanet with 
the naked eye; in fact it is‘So far away that 
even with the strongest telescopes we can 
learn nothing about its surface. But we 



This will give you some idea of the enormous 
Size of the planet Saturn. If the earth could 
be placed on one of his outer rings, it wouid 
look about like this, for the ring is over ten 
thousaiKl miles across. 
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know that it receives only jjJo- as much 
sunlight as wc do, and that its diameter is 
31,000 miles. We can tell, too, that it has 
two moons. One t ravels i)ackward, in exactly 
the opposite direction from the one that 
our moon pursues. 

Pluto, the Outermost Sentinel 

There arc plenty of surprises still left in 
astronomy. Wc may still wake up in the 
morning to find that a new planet has been 
discovered the night befeve! That is what 
hai)pcned one morning in 1030; though, to 
be sure, the new planet then announced 
had been predicted fifteen years before. 

Back in 1902 Professor Pcrcival LoweFl 
had said that there must be another planet 
out in space beyond Neptune to account 
for the queer action of Uranus, and in 1915 
he told us that it would be found at one of 
two possible points in opposite corners of 
the sky. When he died the ne.\t year, he 
left nigucy to carry 011 the search in the 


great observatory he had built at Flagstaff, 
Arizona. Not until January, 1930, was his 
planet found — just where he said it would 
be! If you wonder why it was not seen 
sooner, the answer is that it is as hard to 
st‘e as a candle 4,000 miles aw^ay woidd l)e. 
Its light has to travel thirty-.six hours at the 
rate t)f 186,300 miles a second before it 
reaches us, for tlic little world is some 3,670 
million miles away. Its time r)f circuit around 
the sun is over 248 years long, and it can 
see the suii only as we sec some of the dis- 
tant stars as a shining [linpoint of light. It 
is smaller than the earth, anri, curiously, is 
a goo<l deal denser. Because its orbit is 
very unlike that of the other worlds certain 
scientists think there may be still another 
planet as yet undiscovered. 

The new planet was fittingly named ior 
Pluto, gjwl of darkness and of death. For 
out ui the realm of night where the new 
world swings there is no genial sun, no 
warmth of spring and summer to nourish life. 



This is the mighty god 
for whom the planet 
Neptune was named. 
He was brother of Ju- 
piter and Pluto, and 
ruled all the waters of 
the earth. He lashed 
up the sea with his three- 
pronged spear, and when 
he smote the rocks, foun- 
tains and horses sprang 
forth. 
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The STORY of the HEAVENS 


Reading Unit 
No. 8 


VAGABONDS OF THE SKY 


Note: For basic information 
not found on this page, consult 
the general Index, Vol. 15. 


For statistical and current facts, 
consult the Richards Year Book 
Index, 9 


Interesting Facts Explained 


What is a comet? 1-161-63 
Which is the most famous of all 
comets? 1—163-64 
About how many meteor t fall on 
the earth each day? 1—165 
Which is the largest meteorite 
ever found? i--- 165-66 


What metals are found in me- 
teors? 1-167 

Do meteors ever contain dia- 
monds? I' 167 

How may meteors produce beau- 
tiful sunsets? 1—167 


Things to Think About 


Does the earth’s atmosphere help 
to give a meteor its light? 

Is there danger to life and prop- 
erty from the many meteors 
that fall to earth each day? 


How may meteors change certain 
surface conditions of the earth? 
Why are meteors pitted and 
pierced with small holes? 


Picture Hunt 


Why is the sky sometimes ablaze 
with meteors? 1-162 


How have meteors affected life 
on the earth? i— 166 
What is the origin of the dust in 
space? 1-1T7, 220, 377 
Does friction explain the light 
from “shooting stars”? 1—320- 
2 1 


When does a meteor begin to 
burn? 1—164 

Why is air needed for the com- 
bustion of meteors? 1-384-85 

How may friction produce heat? 
I “320, 382 

What is the hardest suljstancc 
found in meteors? 1—167, 9- 
422 


Related Material 


Practical A pplications 

How has iron in meteors been Why are meteoric diamonds use- 
used? 1—167 less? 1-167 

Eeisure^time Activities 


PROJECT NO. i: Collect and PROJECT NO. 2: Make clay 

mount e.xamples of earth sub- models of well-known meteors, 

stances found in meteors, 1—167- i -i6t, 165, 166. 

Summary Statement 

Meteors are metallic in sub- very hot and start to burn as they 

stance. They are attracted from fall through the air which sur- 

space by the pull of the earth. rounds the earth. 

Some believe that Ihev become 
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This is famous Willamette meteorite, the largest 
ever lound m ihe United States. It was discovered 
near Portland, Oregon, in 1902, and is now in the 
American Museum of IVatural History in New York 
City. It is ten feet long and weighs fifteen and a half 


tons. The deep pits shown here were caused by rusting 
as the great mass of metal lay in the ground. On the 
other side of it are smaller holes burned out as it 
hurtled through the air. For the force of the blast 
gouges great pits in a meteorite. 


VAGABONDS of the SKY 

Star Tramps That Dash In and Out among the Solemn 
Planets and Make a Loop around the Sun 


I lOMETIMK you may liave a clianot* 
I ^ I lo look up in ihosky and see a iiuge, 
L_J bright ball wilh a long, .spreading 
tail that will be crossing the heavens for a 
few weeks and w’ill then vanish. In olden 
days there was no accounting for .siuh 
mysterious visitors. And because there was 
no accounting for them, ignorance and 
su|>crstition soon wove horrid fears about 
them. These scapegoats of the sky were 
credited with bringing every known disaster 
to the human race; wars, famines, j)lagues, 
Hoods, and convulsions of the state were 
said to come in their train. 

Yet comets arc about the most liarmless 
objects in the sky— and this in spite of the 
fact that they are very large. For astnm- 
omers tell us tllat the tails of certain comets 
are hundreds of millions of miles in length, 


while ihcir heads are many time.s larger 
than ? earth. If ever we clid run into one 
of theui, what a collision it w'ould be! For 
a comet may reach the terrific speed of 
three hundred miles a second, or 18,000 
miles a minute. It is a fact that the earth 
has at times — as in 1861 — passed through a 
comet’s tail, but no one was the wiser until 
it war all over. I'here ha<l been a harmlcs.s 
shower of meteors, and that was all. As for 
an actual collision! The chances of it are 
about as goorl as the chance that if wre closed 
our eyes and fired a gun at random into the 
air we should bring down a bird of paradise. 

Kven after centuries of study, w’e still 
find these tramj)s of the sky mysterious in 
many ways. For one thing, we are not 
quite sure w’hat comets are made of. The 
word itself is from the Greek and means 


THE STORY OF THE HEAVENS 



At certain times of the year the night skies are sure to 
be ablaze with meteors. Astronomers think that this 
is caused by the fact that the earth, as she swings 
around in her orbit, at those seasons crosses the orbit 


of a swarm of meteors. The diagram above will make 
this clear. In it the earth is traveling on her circular 
path near the sun, while the meteors are traveling 
^ong the much larger oval course. 


“long-haired.” not an inaj)proj)nalc de- 
scription of the long bright lucks that stieam 
away from the body’s “heail.” The head 
seems to consist of a bright, .solid body called 
the “nucleus” (ml'kle-us) — which is the 
Latin word for “kernel” —surrounded by 
a v’cil or shining mist, the “coma” (ko'ma) • 
from a Greek word 
r leaning “hair.” 

The coma gra<lually 
shades off into the 
comet’s tail, a thin, 
transparent veil that 
streams behind it 
much as smoke does 
from a swift locomo- 
tive — except that 
when a comet nears 
the sun its tail always 
gets very much longer 
and always points in a 
direction away from 
the sun, no matter 
which way the comet 
may be going. The 
reason for this is not very clear, but it is 
thought that the little particles of “star dust” 
— the specks of solid stuff that make up the 
comet’s tail— are driven away from the sun 
by the force of its light waves. This force is 
known as the “mechanical pressure of light,” 
and very tiny bodies are unable to resist it. 


Many comets go very near the sun so 
closi, indeed, that they would certainly fall 
into it if they were not traveling at such 
terrific speed that before the sun has time 
to grab them they have shot around it 
For tliey cannot just pass it by. They 
circle round it at close (juarters, like a yacht 
rounding a buoy in a 
race, and then dash off 
again uj>on their long, 
long journey into 
space. 

Often they come 
back, but in maru 
cases it is doubtful if 
lliey ever do. For a 
comet's orbit is never 
circular, as a planet’s 
tends to be. I L is eilluT 
a very long ellif)se 
(e-lfl)5') -which means 
that its shape is like a 
very long, thin football 
— or else it is what we 
know as a parabola 
(pa-rab'o-la) — a hairpin curve whose lines, 
no matter how far they may 1)C cxtendc«l, 
can never curve back upon themselves and 
meet again. A comet traveling in an ellij^se 
is sure to come back some day if nothing 
hapj>ens to it, though its return may be a 
very long time off. One observed about the 



On the famous Bayeux (bi'ub tapestries, which the 
queen of William the Conqueror made with the help 
of her ladies to commemorate the conquest of Eng- 
land in 1066, you will see embroidered the quaint 
picture shown here. The strange tailed object in 
the upper right-hand comer is nothing less than 
Halley's comet, which made one of its rare visits 
to our skies in that important year. 
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lime Napoleon was horn is cslimalcrl to re- 
cjuire two tliousanri years to llnish its voyage 
through the cold, dark depths of sjjace. 

But .a comet whose path around the sun 
is a ])arabola is lost hjrcver. Where the 
starry tramps may go no one can Siiy. 
Many astronomers believe they leave our 


falling al ever-increasing sj)ecd toward their 
relentless parent, whose light they reflect. 

This career can never end until the comet 
at last breaks up. Tor to go to pieces is 
probably the fate of every one of them. 
Their thin gas and little .solid fragments- - 
marie, as we know, of the same stuff as stars 



This is the most famous of all comets, named for 
Edmund Halley, the man who first predicted its return. 
The head is clear enough, but only part of the long 


tail is shown in the picture. The short white lines in 
the background of the photograph are the images of 
stars, as they traveled by during the long exposure. 


solar system altogether and go traveling 
on to other suns across the universe. As a 
rule, the greatest comets never come back 
Sometimes, however, a comet may be lirmly 
grasped by a large platud, such as Jiijiiler, 
who may hold the wanrlerer back aim >einl 
him \\hi//ing within the linlit^ of the solar 
system - lhal is to say, within the sun's 
relentless Imid. 

The End of a Comet 

t'oniels that pay a regular \isii to the 
sun may be dc'Stribed as falling round and 
round him. Because of his liemendou'> 
gravitational jndl, they ])ut on their greatest 
speed as they approach him and are able to 
dash by. They whirl around him- like a 
ball al the end of a .short .stiing amt dien 
dash off again along their lengthy orbits. 
But as they retreat, their speed grows less 
and less until they arc barely moving. At 
that point the sun exerts his authority over 
his wavward offspring and drags them home, 


and planets will be lorn apart by the gi- 
gantic gravitational forces of which they 
are now the toys. 

'I'here are a great main' starry vagabonds. 
.\stroromers have reconled about a thou- 
sand imis altogether; and one scientist 
has sai . lhal there are ‘‘as many comets 
in the sky as there are fisii in the ocean." 
I^earnecl men are able to foretell the return 
of many of those that move in an ellipse- - 
or are, as we say, “]>eriodic." Whenever 
their visits can be predicte«l, comets arc 
said t'* be “exjiected, " in contrast with 
those lhal are known as “unex]>ecleil." 

Halley’s Comet 

Of llu' p:‘riodic cornels some are very 
famous. Kneke's is well known, for the 
sun brings liirn dashing back every three 
and a third years. But the most famous 
comet of all time is the one that bears the 
name of Kdmund Halley (1056-1742), an 
English astronomer and mathematician, who 




This is what happens to a meteor as it travels through 
the earth's atmosphere. At the top of the picture it is 
»hown as a great lump of stone or metal moving swiftly 
through space but already near enough to the earth to 
feel Ae force of gravity. So it is drawn toward us, 
and finally plunges into our atmosphere, where it is 
speedily heated white-hot by the friction of its passage 
through the air. Sometimes the meteor is quite burned 
up b^ore it ever reaches the earth — it is one of the 
“shooting stars'* that you may see in the skies on any 
clear night. At other times it plunges on toward the 
earth until its mass breaks up with a loud explosion 
and falls to earth as a shower of meteorites, which 

was a close friend to Sir Isaac Newton. 
When a brilliant comet ajjpc-arcd in 1682, 
Halley and Newton discovered tliat its 
orbit was the same as those of comets which 
had appeared in 1531 and 1607. Halley 
concluded that all three must be the same 
comet, coming at regular intervals to pay 
its visit to the sun. Immediately, with 
splendid courage, he foretold its return in 
1758. He himself could never know whether 
his i)rophecy came true, but at the time 
he set, the skies were watched by many 
eager eyes, in expectation of the visitor. 
And there he was on Christmas Eve, 1758 — 
a punctual guest to keep his seventy-six- 
year-old appointment with the sun. Halley's 
prediction had not been just a foolish guess. 


may be no larger than grains of sand or may weigh 
many tons. If you should ever be lucky enough to see 
a meteor actually come to earth, do not run to it and 
pick it up without first seeing how hot it is. It may 
be very hot indeed from its long journey --and on the 
other hand it may be so cold that frost will form on it 
almost at once. This is because the meteor, before it 
entered the earth's air, was colder than any tempera- 
ture we ever find on earth, and if, as the outside of it 
melted, the molten or gaseous particles were instantly 
swept away by the swift rush of air, its cold inside 
would still be exposed, for there would not have been 
time for the meteorite to become heated through. 

A careful search into old records and 
ancient Chinese chronicle.s has slu)wn that 
every return but one of Halley's comet has 
been recorded as far back as the year 240 
ii.c. Its last aj^pearance was in 1910. No 
one can tell how many centuries it will keep 
up its tlaming journey before it is finally 
wrecked and vanislies into the eternal night 
of .space. 

What Are Falling Stars? 

Falling stars, >ve call them— those little 
flaming specks that shoot downward through 
the heavens on any starry night. But if, 
by any unimaginable accident, a star were 
actually to fall, what a terrible convulsion 
there ^ould be! The whole fabric of the 




This meteorite, 
w hich fell at Rose 
City, Michigan, has been 
cut in two to show its granu 
lar structure. 


cdiiic in conlacl with our I'liutu ii> Aui«'ru.iii 
iiir. l^'or cvTH scvciUy-fivc or eighty miles 
above the earth the atmosphere is dense 
enough to offer great resistance to an ob- 
ject traveling at such a rate. 

Now friction, as you know, is but another 
name for rubbing, and \\hen a thing is 
violently rubbed it is sure to grow hot. 
Savages sometimes stait a fire by rubbing 
two jiieces of wood together very hanl. So 
you can imagine the heat created when an 
object traveling from ten to sixty miles a 
second conies in contact with the air. Its 
surface grows while- hot and finally turns 
liquid. For an instant there is a bright 
streak in the sky, and then the thing van- 
ishes. Its ashes finally reach the eai as 
very fine dust. 


cause they hav e 
been so hot. 
luseuin of ih»iory liut morc Tarelv 

a meteorite- for such is its name after it has 
reached the ground— is verv' large, and plows 
a deep hole in the earth w'here it lands. 


Ten Million Meteors Every Day 

We call these. heavenly rockets “meteors’" 
(me'tc-6r)— from a Greek word meaning 
“high in the air.’" It has been estimated 


The Largest Meteorite in Captivity 

01 course, the majority of meteors plunge 
into the ocean, but many have been found 
on land, especially in Mexico. The ancients 
believed that in an angry mood Jupiter had 
hurled them down at men. Later, men of 
science came to believe that they had not 
fallen from the sky at all. But finally the 
truth was forced upon them when in 1805 
hundieds of peasants at a little town in 
I'rancc actually saw a shower of meteors 
reach the ground. In 1894, Lieutenant 
Tcary found in Greenland a huge meteorite 
measuring 5 by 7 by ii feet and weighing 
tons. The Eskimos believed it had 
been hurled to earth by evil spirits, but for 
many years they had used it as the source 
of supply for all the iron they had. Known 





This is the largest meteorite in any museum. It 
weighs 36^ tons, and was brought from Greenland by 
Admiral Peary in 1897. The Eskimos always called 

as “The Tent/’ it now rests in the American 
^ luseum of Natural History in New York 
City — the largest meteorite “in ca])liviiy.’^ 
One of the largest of known meteors struck 
the earth in the desert of northeast Arizona, 
probably more than a thousand years ago. 
It landed with such force that it left a hole 
six hundred feet deep and four thousanil 
feet across, with walls that rise 150 feel 
above the surface of the earth. Many 
thousands of iron meteorites, thrown off 
by its explosion, have been found within a 
few miles of the ])lacc, and here and there 
a diamond — a jewel formed in the dark 
depths of heaven. 

The Largest Meteor of All 

An even greater meteorite has lately fallen 
in Siberia. So huge it is that had it hajjpened 
to alight on a great city like New' York or 
London, few', if any, of the millions of in- 
habitants would be alive to-day. Still more 
recently a wandering tribe of native Si- 
berians reported the fall of a meteorite that 
killed 130 reindeer and plunged so deep into 


it **the Tent,’’ but w*ien Admiral Peary’s little daugh- 
ter Marie Ahnighitr Peary was a yearold she christened 
the great meteor’ “Ahnighito.” 

the frozen earth that a small lake ai)[)earcd 
where it had landed. Others weighing not 
le.ss than iifty tons have fallen in South 
Africa and Mexico. 

“Sky Stones*’ That Proved Fatal 

Hut in s[>ile of all these rather terrifying 
tales, the chance that any one of us may 
ever be hit by a meteorite is very small 
iiidee<l. in all the thousands of years in 
history there arc very few sucli cases on 
record, ft is true that in 1929 a meteorite 
eighteen inches in diameter fell into the 
midst of a wedding procession on its way to 
church in a little village in Yugoslavia. A 
man was killed and one of the w'omen injured. 
T'hc guests tied in all directions and the 
w'cdding was postponed. About a century 
ago a man in India was killed in the same 
way; and there is a record to the (effect that 
ill 600 jj.c. a “sky .stone” in China killed 
ten men and smashes I several chariots. Hut 
these few^ cases form a very slender list, 
esi>ecially when spread through so many 
centuries. 
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'I'hc best evidence we have as to the origin 
of meteors was furnished by the breaking 
up and disappearance of liiela’s (be'lii) 
comet. For many years it had made its 
regular lour around the sun, and was always 
])unctual in coming back. I'hen one lime 
'1846) it dashed by in two sections. Clearly 
it had met with an accident. The next lime 
it did not come at all; ljut just when it 
should have put in an api)oarance, the earth 
passed through an enormous swarm of mete- 
ors — undoubtedly pi(res of Jliela’s comet 
which had been scattered through the 
heavens. 

What Are Meteors Made Of? 

All the meteorites ih.it have Ihhmi found 
are made t)f the sani(‘ stuff we find in the 
earth’s crust -rock materials and vaiious 
metals, especially iron and nickel. As many 
as twenty-three such substances were found 
in a meteorit(i that fell in .\ustralia; they 
included gold, copjKT, ]>latinum, aluminum, 
and .Miipiiur. Some three hundred year?> 
ago there lived in India an emperor who liad 
a sword made of the iron lound in a mete- 
orite that had fallen in liis empire. Mo^i 
remarkable of all seems the fact that some- 
times meteors contain diamoinU, tliough 
such small ones that tliey can mostly be 
seen only through a microscope. 

.Sometimes meteors are so numerous that 
they seem to fall in showers es|>ecially 
(luring the months ot January, .\pril, N;i- 
gusl, and \o\enil)er. I he} are usually 
thickest between midniglit and dawn. On 
Xovinnber 1 f8;^, a great meteoric storm 
occurred which lasted for nine hours. 'I'here 
were such swarms that many ignorant ])eo])le 
were frightened into believing that the world 
was coming to an end. I he spectacle was 
repeated on November r8()(). .\stron- 
omers mnv know that their “rain of lire, 
so startling at the lime, was only the wreck- 


age of what had once been a comet. 

T'he November meteors arc called the 
Leonids (lc'6-nTd), because they seem to 
fall from a group of stars called Leo — or 
the Lion. Tn the same way, the August 
showers are called the Per.seirls (pur'.sMd) 
because the\' seem to come from the star 
grouj) known as JVrseus. 

How Meteors Make Our Sunsets 

Alost of the bodies in such .sliowers never 
strike the earth. They arc burned up while 
.still in the air and Jloat about as particles 
of dust, eventually to sink down to the 
(tarth and add their liny bulk to its surface. 
And }'et the total wtught thus added amounts 
U) something rather startling in a year. 
Much of lht‘ dust we s(‘e tloating in the sun- 
beams comes from jiiiMeors. We should be 
grateful for it, since, by acting on the light 
wave.- [)assing through its tiny particles, it 
gives us brilliant sunsets. Jn the Tropics 
esj)ecially thi*ie are s<‘asons of the year when 
these particles of dust form an e.xquisitc 
ribboidike bell of pi^arly radiance that arches 
u]>ward from the sun and may be seen 
against a rl(‘ar, dark, moordess sky before 
sunrise or after sunset. It is called the 
‘‘zodiacal (zo-<li'ti-kal) light.” But it is 
never very ixisy to make out. 

We have n«>w traveled to the very edge 
of tht‘ sun’.s vast domain. Indeed, in track- 
ing down lh(‘ “wandering ghosts” we know 
as ei,in**’s. we haw journeyed waiy beyond 
the oui ])]anets into solar systems 

other than our own. It is these vast stretches 
which the farlliest stars illumine that arc 
now' left for us to explore. In comparison 
with thoM" distant suns, our own and all 
its little bii.sy jdanets sink into insignificance. 
Our good old earth becomes a speck of dusi 
and we ourselves shrink to microscopic 
atoms that lixe and breathe for an instant 
aiivi then vanish forever. 
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Reading Unit 
No. 9 


THE SUNS OF THE NIGHT 


Note: For basic injorntation 
not found on this page, constdt 
the general Index, Vol. /j. 

/ nteresti ng F 
What is a star? 1-169-70 
Where are there suns lar>j[er than 
our own? i i 70 
Which star is as larpe as our en- 
tire solar system? 1-170 
How are stars classified? 1-170 

Things to 

How do we measure the distance 
from a star to the earth? 

How do scientists determine the 
composition of the stars? 


For statistical and current facts, 
consult the Richards Year Book 
Index. 

'acts Explained 

About how many stars are there? 
I 171 

What are the stars made of? i 

What is the difference between a 
planet and a star? i 174-75 

Think About 

Why are the stars invisible in the 
daytime? 

Why are there so few collisions in 
space? 


Picture Hunt 


What constellations are to be 
seen during the following sea- 
sons : 

southern-winter, i — 178A 
northern-winter, 1-178H 
sou them -early spring, i— 
178C 

northern-earlv spring, i— 
178D 

southern-late spring, i- T78E 
Related 

How is the spectniscope u.sed in 
determining what stars are 
made of? 1-187, 440-41 
Who made the first accurate star 
maps? 13-404-5 
How may the sun affect the light 
coming from a star? i 427, 
13-409 

How is the constancy of the 
North Star's position useful to 
man? i 170, 178 

On a clear evening, locate the 
important constellations visible 


northern-late spring, i 178F 
southern-summer, 1 -T78G 
northern-summer, i 178H 
soLithern-earlv autumn, i- 
1 78I 

northern -early autumn, 'i - 
178J 

southern-winter, 1-178K 
northern-winter, i 178!. 

Material 

Do stars move through space? 
I -T 14, j 7 1 

How may a motor be run by 
light? 1-414 

What are some ancient (ireek 
myths concerning the constel- 
lations? 14-425-32 


Plow is the parallax of a star used 
to determine its distance from 
the earth? i -172-73 

in the sky using the twelve star 
maps that follow 1—178. 


Practical Applications 


Teisure~tifne Activities 
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It is very pleasant to imagine oneself 
swinging along through the evening sky 
in a comfortable seat on the crescent; but 
as a matter of fact, that pretty gleam- 
ing sickle would not afford even 
the thinnest edge on which a per- 
son could sit down. For as you 
know if you have read our story of 
the moon, the crescent has breadth 
but no thickness at all ! It is noth- 
ing but a rim of light along the edge 
of a sphere as solid as our earth. 

And if you were seated on it, the 
stars that seem to be scattered all 
around it would look as far away 
as they do when you see them from 
your own window at home. You 
still would need to read this article 
to find out what they are like. 



The SUNS of the NIGHT 

So Far Away That They Seem Mere Dots of Light Are 
Billions of Huge Suns That Throw Out Heat 
through All the Universe 


IIF.N our oarly fortfathors lu-gan to 
doubt that iho stars really die 

homes of ^^ods, they naturally east 
about to find some better \vay of aecounting 
h)r them. A wise old Clreek named Anaxag- 
oras (an'ak-sag'o-ras), who lived in the 
fifth century before Christ and was ]mi in 
prison for saying that tlie sun was not a 
god, hit upon the happy notion that the 
stars w’crc red-hot stones. These, he thought, 
liad long ago been tast uj) from the earth 
and at their lofty height had taken lire by 
reason of their swift rotation. 

The followers of Pythagoras (pi-tha. Mo- 
rtis), another ancient (Ireek philosoj^her, 
decided that the heavenly bodies could not 
fall because they all - the sun ami moon, 
the earth, tlic stars and i)lancts- were fixed 
to crystal globes whii'h, one inside the 
other, continually ^e^'olved around a great 
central fire, from which the sun and moon 


got their light. There w'cre ten of these 
great “..,/heres,” and each one as it whirled 
gave ou’ a musical tone — the inner and 
slower ones a low', deep note; the outer ones, 
notes higher uj) the scale. The outermost 
sphere t)f all, the one in which the fixed stars 
weie set, gave off the highest note. And 
all the.se tunes combined to form harmonies 
of such exquisite sweetness as man has 
never known. I"oi man, according to the 
theory, has ears too dull to hear “the music 
of tb..‘ .spheres.” 

JCver since the days of ancient Greece, 
men have lieen constantly peering at the 
heavens, measuring and calculating and de- 
vising in.struments, till now w'e can give a 
pretty definite answer w'hen you ask, 
“What is a star?” 

It is a body very much like our sun. It 
gives off heat and light, as docs the sun, 
and it is made of just about the same ma- 
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terials. Some stars arc very much larger 
than the sun, and some of them 300,000 
times as bright; but they all consist of gases 
heated to an unbelievable <legree. They 
do not look like suns because they are so 
very far away. They seem mere points of 
light; and because they twinkk 
they are often rej^resented as 
having long bright rays or ^ 

arms —more or less like ^ •. ^ 

a starfish, but all of 
them were formed 

as was our friend ^ > 

the sun, and all of * 
them are sending ^ 

heat and light out | L C c i ^ 
into millions of i ^ 

miles of chilly 

sj)ace. Tor all we % ^ 

know, thev mav be % ^ n 

warming little \ 
whirling worlds more ‘ 

or less like our own. 

But they are much too />. 

far away for us to see - 

their worlds, if they ,, 

l ave anv. r 





monarch sixty thousand million times. But 
if wo should wake some morning to find 
that a mischievous sprite had exchanged 
him for our sun, we should be dismayed to 
sec him filling nearly all the sky. 

Stars are classified according to their 
l.rightness. Sirius (sfr'i-us), a 
lieautiful white star that is 
March 

” and is known as the 

' ' \ brilliant in the sky; 

\ * \ 

magnitude” (mag'- 
I iH-lud). 

' ' ^ ( Greeks nho began 

^ custom of 

classih ing .stars ac- 
“1^ k cording to their 

‘ brilliance. 'I’lie bright - 

^ est ones they ranked 
as being of the first 
magnitude, and thosi; 
just to be seen 1)\ the 

r«»K whn as iha an<>iaiife Uilked e\ C tlS of tfiC 




nr\ * i’£T jt These are the famous creatures who, as the ancients int 

One star dltrereth, believed, were strung along the sun’s annual path sixth magnitude. All 
QMvc tVin TtiKl#» through the heavens. Now we know that it is not the ,1 ,1 , • 

.avs me JilDie, irom sun which travels. What really happens is that, as we Ihe others were gradi'fi 

another star in glory.” on earth swing round him once a year, we see him between tb(‘ first and 
n,,- 0.,.. .’o against a different group of stars in each successive . , 

imr own sun is j)ron- month. The diagram above will make this clear. It sixth. Of (‘j)urse the 

ablv one of the smaller “ the center, with the earth’s orbit tclescone lias shown us 

„ . faintly outlmed around him. You will notice that any- " 

ones. iietcJgeuse one standing on the earth on March ist and looking stars a great <ieal dim- 

(Wt' 61 -gflz'), a giant tow"** «»« fun, would see him against the constellation hut wi> still cl issi- 
. ® ■'* ® known as Aauanus. or the Water Carrier. A mnnth sim euissi 


c gicw . known as Aqukrius, or the Water Carrier. A month oui we sim eiassi- 
who decorates a shoul- later the earth would have moved forward in its path, fy them after the miin- 
der in fVir* irr/mn the sun would then be seen against the constella- r .1 1 

(ler in me group ot tion known as Pisces, or the Fishel And so it would Greeks, 

stars W'C know as continue, throughout the circle of the year. If you will flu\vn to the twenty- 
Origin i*c iU , ®cniorize these few lines, you will never have any , , • i i’ 

urion, IS one ot the trouble in recalling the order of these famous constel- hrst magnitude the 
large.st; he is some (ations that were once supposed to have such a powerful higher the mairnitude 

250,000,000 miles The R«m. the Bull, the Heavenly Twins, the loss bright the star, 

across or three hun- And next the Crab the Lion shines, A star of the first 

.Ircd times thicker The magnitude is exac lly a 

through than our sun. The Man that holds the watering pot, hundred times brighter 

If the sun were place.! *“<* ««'«• than one of the sixth 


at this great fellow’s center, the whole orbit 
of our earth would fall in.side his outer edge, 
and even Mars would be only a little way 
outside his surface. His totafbulk must be 
about 25,000,000 times greater than the 
.sun’s; and he gives 1200 limes more light, 
although he is so far away that to us our 
own good sun seems to outshine the great 


magnitude. Tn ihe whole sky there arc only 
twenty of the first rnagnilude. Some sixty 
stars are of the second magnitude or brighter. 
Five thousand stars are brighter than the 
sixth, and more than a million arc brighter 
than the Iw'clfth magnitude. The great 
IclescoiHj on Mount Wilson, California, 
shows probably not less than a thousand 
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million stars of tin* 1 wcnlV'firsl magniturlc Huggins, both well-known scientists. Finally 
or brighter. great catalogue show’ing the composition 

-- -- of more than two hundred thousand stars 


or brighter. 

How Many Stars Are There? i u n r i • / o 

was begun by Professor Pickering (1846- 

No one has ever been able to count the 1919) at the Harvard Observatory, 
stars which scarcely seems strange when We know now that the universe is all 
one realizes that through a large telescope made of the same stuff. Red stars show 
humireds of millions arc to be seen. Tt iron, sodium, calcium, and carbon, common 
probably is no exaggeration to say that they substances on our earth. Sodium, for in- 
are countless, for stars that are a million stance, enters largely into common salt, 
times too faint to be seen with the eye will White stars .show large quantities of two 
still show on a photographic ])late. Who gases known as hydrogen and helium in 


know’s what larger and more powerful tele- 
scopes may yet reveal! 

Of the hundreds of millions of stars in the 
sky, only some six thousand are vis- 
ible to the unaided eye anfl even 
these are hard to count. Since 
we can see only one-half of 
the heavens on any given 
night, only about three 
thousand stars ('an be 
(ounted without a tele- 
scojH*. But even this luim- 
ber varies as the earth 
turns on its axis, for the 
stars are .scattered unevenh 
through the sky. Moreover, the 
atmosphere is not aluays o(|ually 




their outer envelopes. 

We speak of stars as “fixed^’ because no 
one of them ever seems to move from his 
age-long abiding place in the heav- 
ens. But like so many things 
that ^‘seem,” this too is a mis- 
take. No stars are really 
fixed; they are all moving, 
and most of the bright ones 
march in two great j)roces- 
sions that go in opposite 
directions through the 
hea\’ens— each one held to 
a fixed course by laws that 
cannot change. 1'his march is 
the “star drift.*’ But they have 
not all the same rate of speed. 


dense, and so the niimlKT varies Some stars are dashing Some race so fast that scientists 


easilv track their courses 


with the state of the air. treme^dolls* ra?r 0^^^^ easily track their courses 

And yet all the millions of Here is one, for instance, among the slower stars, and 
, , that could encircle the earth , 1 1 . i 1 

stars give us less than one per twice while an express others go so slowly that thev 

cent of the light that is .shed must be watched for many years 


by the full moon --.such is their 
tremendous distance auay from the earth. 

It is only since icSj^ ihat astronomers 
have been able to find out what the stars 
are made of, for it was then that a (ierman 
scientist named von Fraunhofer (foil froun'- 
ho-fer) discovered that different kinds of 
light, when split into their different rays - 
as by a prism or a rainbo\\ .showed differ- 
ing arrangements of very line lines. I'his 
first hint enabled students to cla.s.sify die 
stars into three groups. But there the malier 
was drop|U'd for almost forty years, dheii 
in i860 another Herman scientist, Kirchhoff 


before they can be seen to have 

moved a 

All thi as licen di.scovcred through the 
telescoiie. 'lo anyone looking through its 
great eyestalk, a given star will soon seem 
to pass completely out of sight. But this 
is only a.i aj^parent movement, caused liy 
the fact that our own earth is spinning 
rapidly it is we who move and not the star, 
'fhe actual movement of a star among the 
other stars vems very small indeed, even 
when the star is fairly near us. Alpha 
Centauri (ilffa sen-lcVri) — which sinqily 
means that the star in question is the 


(klrK'lujf), gave a fuller explanation of the brightest in the group of stars we call 

meaning of the lines. The work was carrieil the “Centaur”— is nearer to our earth than 

on by an Italian priest, Father Secchi any other star, and goes speeding through 

(sCk'ke), and an Englishman, Sir William the heavens at the rate of fourteen miles a 
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second; yet in a single day it seems to move 
less than a fifty millionth of the flistance 
across the sky. 

The sun rushes through spiice at (he rate 
of twelve miles a second, but he is slower 
than the average star. A few stars travel 
forty miles a second, and one has worked 
up the terrific speed of seven hundred 
miles a second. 

“ But what about 
collisions?’^ vou inav 
ask. 

rhey may, perhaps, 
occur; we do not know. 

But so ample is the 
space the universe af- 
fords that certainly 
they do not happen 
often. One learned 
man has said: “The 
chances of an en- J 
counter in the bound- ■ 
less rleserls of si)acc 


blotted out thousands of years ago. Some of 
the light that you will see when you look up 
at the stars to-night started on its voyage 
to you long before the time of Christ. 

But how on earth can we ever find how 
far away a star is? Ifow can we find out 
how far away anything is if we cannot go 
to it? Well, any Jioy Scout who lias finished 
his training can answer 
that (juestion. Jf he 
wants to know how 
wide a river is without 
rowing across it, he be- 
gins by drawing a line 
between two points A 
and B on his own side 
of the river, lie meas- 
ures the length of that 
line. 'Dien from A he 
sights at a yioint X on 
the other side of the 
river and finds out the 


Tirk ^ it seems stninge to you that wo can measure the i i • r e ' * . 

arc no greater Ihiin distance to a star when we can never leave the earth \u\it from to 

the chance of two we stand on, just examine this diagram. At the right 15 and a line from V 

f/.nnic KaUc you wiU SCO the sun, With thc carth^s Orbit faintly out- , ... , ,* 

tennis balls meeting Uned around it and the earth shown at the points it Similarly, he 

out of twentv that have reached on June 21st and December 21st. siirhls from B to X 

. , , , 1 • Those two pomts are 186,000,000 miles apart, for they o 10 .v 

migni be anrilt in a are situated on opposite sides of the orbit at its widest und measures the an- 

hollow space as large s^U K'‘‘- ^hen he knows 

as our earth. sentation of the large diagram Uiat we have just been the si/.e ot these two 


si/e of (he angle made 


We say the universe to do fe”to "sight to^tte 

spacious. Al])ha aur on June 2xst aud measure the angle that a line 
connecting the earth and the star would make with a 


angles, he does a little 
sum in geometry, and 


rv.nl a iiri' ^nnecung me cann ano xnc Biar wouio msKe With s . • .1 

v-tniauri, tne ntartst bne drawn straight acrosfi the earth’s orbit to the point presto! the answer is 

star, is a mere 25,000,- tj* ‘’"I *“«•* •!«« the distance across the 

.. swung around on its orbit to the position it occupies 
000,000,000 miles on December 21st. At that point he sights to his star river, 
aw'av — 27 <,000 times again he measures the angle that the long \In\v tln' r-krin 

lartner tnan the sun; orbit. A comparison of those two angles measured at cijile ajiplies in (Hiding 
but nthpr nrp nn different seasons of the year, and a little figuring, will ,1; „ 

JUI otner stars are un- distonc. to the sur. All he to distance to a 

believably more dis- know is the distance across the earth’s orbit and the star. But at first (here 
tant. No human being angles. ^ difficulty w hich 

can imagine distances so vast. A ray of light, seemed impossible to overcome. Any line 


which travels at the startling speed of 186,300 
miles a second — or eleven million miles a 
minute — takes over four years to reach us 
from the nearest star. Or, as astronomers 
phrase it, the star is four “light years” away 
- a “light year” being the distance a ray of 
light will travel in a year, or about six trillion 
mik‘s. Some of the stars are so far off that 
their light has taken many thousands of 
years to come to us. Such stars would seem 
to us to be still shining though they had been 


that W'e could get along the earth was so 
short in comi)arison with the distance to 
the star that when wx* sighted from the 
twx ends of the line, the difference in the 
angles was too small to show; so there was 
no way to find out the distance to the star. 
The longest line from which wc can sight on 
the earth is 8,000 miles the length of the 
earth’s diameter. But sighting at a star 
from two points only 8,000 miles apart, was 
just fike sighting twice from the same point. 
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I'hcn a German astronomer named Bessel 
(1784-1846) had a brilliant idea. On the 
twenty-first of June the earth is very far 
from where it was on the twenty-first of 
December. Tt has swung half way around 
the sun in the meantime; and it is 186,000,000 
miles away from where it was, for that is the 
distance across the earth’s orbit. Bessel 
sighted his star in June and again in De- 
cember and found that the problem was 
.solved. His angles were still very small, 
and his calculations very hard to make. 
It was just about as if he had been measuring 
a baseball twenty-tive miles away. Vet the 
(listance to the star was found \Mth a fair 


s|)hcre of glowing gas may v^ary in size from 
a globe no larger than our earth to one so 
big that it could contain almost the entire 
orbit of Juj)iter. Such a ma.ss may he ten 
thousand times thinner than our atmosphere 
or a good many thou.sands of times den.ser 
than water. In this respect a little com- 
panion star ti) Sirius is one of the most 
remarkable in the sky. It is aI)out the si/c 
of the planet Uranus, but it is much hotter 
than our sun, and in spite of the great dif- 
ference in their size, their weights are almost 
equal, d'his solid little fellow is so heavy 
that one cubic inch of him weighs a ton; 
he is more than two thousand times heavier 


degree of accuracy, 'fhis is what 
we call ^Metermining the parallax” 
(par'a-laks) of a star. Bessel’s dis- 
covery as to how it might be done 
is regarded as one of the great 
achievements of .science. 

'The lights that you VNill see to- 
night if you look up at the sky were 
shining '-I .'; the first man ap- 
t)eared on earth -and very long 
before that. For ages men have 



than if he were marie of gold. Stars 
t)f this dense, glowing t\'pe are 
known as “white dwarfs.” 

But even though stars must go 
out some day, modern discoveries 
as to the nature of matter and the 
source of the sun's heat make it 
hard to see whv a star should not 
keep on .shining for unimaginable 
ages. 

When a star is first bc^rn it is 


looked up :il llie same star pal- , noL necessarily very hot. Its 

terns that you and I see now. It cubic inch of a small star color is then a dull red- about 
is hard to think of anything more bright^ star I? wU which is begin- 

unchanging. probably be hard for you to ning to grow ]u)t. But it soon 

And yet even these lights do the dUl represent Its'^weight begins to shrink, and as it shrinks 
sometimes go out. 'J'here are in pounds, but that is never- it grows hot ter and hotter, taking 
said to be as many dead suns m single cubic inch of this on a yellowish tinge, just as the 
the skv as living ones, hverv solid little j^oii does as its temperature rises. 

Star s career must .som(* dav come \\ hen the star reaches it period 


to an end. Then, like a cold ghost, it wan- of greatest heat it turns to a gleaming white. 


ders through .sjiace bir endless ages, but as a 
shilling sun its glory has ileparted. 

Do Stars Ever Go Out? 


Iron behaves in the same manner when raised 
to a very high lempcraliire. And like metal, 
when a >lar begins tt) cool it turns first yellow 
and then red an<l gradually ceases to glow' at 


Stars never can burn up and turn to all. Tls light has then gone out forever. 


smoke and ashes. 'Hiey can only cool olT, 
and grow dark and solid; for when their 
surface cools and haialens it can give out 
light no longer, and we can .see them no 
more. So their history is the same as l! < 
of our own ]>lanet, though vast ages may 
be needed to complete it. Our own sun, 
which is by no means dying, is surely several 
trillion years old. . 

As a star grows old its body .shrinks and 
shrinks, by reason of its own gravity. Its 


How We Guess the Age of a Star 

In iliis way the age of a star can be de- 
termineil by color. The large, dull red 
stars that are gradually turning yellow are 
the young ones. Such. is Betclgeusc. The 
white stars are middle-aged, and the yellow 
stars that are gradually turning red are 
getting old. Eventually they will all go 
out and turn cold and solid like the earth. 
But meanwhile others will be born. 


^73 



THE STORY OF THE HEAVENS 


I'htTc art* certain stars that vary from 
time to time in brilliance; wo call them 
‘‘variables.’" \ow they arc very bright, 
and now quite faint— possibly even a thou- 
sand times brighter at one period than at 
another. The change is usually (luite reg- 
ular, though in some cases it takes only a 
few hours and in others hundreds of days. 
The e.xact cause is not certainly known, but 
it is thought that the stars arc fjulsaling - 
that is, growing first larger and then smaller 
— and that their brightening and dimming 
result from the motion. 

But other stars vary for quite a different 
reason. These are “twin stars’"— stars that 
are double or even made iqi of several 
bodi(*s, often so close to- 


Occasionally two stars that are not really 
a pair and have no relation to each other 
are so j)laced -one behind the other — that 
they look like a single star, even though 
they may be millions of miles ajiart. Such 
stars are called ‘‘or)tical doubles’" — that is, 
“stars that look double to the eye.” 

Strange Visitors of Star Land 

In rS.S 5 a brand-new star bla/ed forth, 
estimated to have been a hundred times as 
brilliant as the sun. For a few days it reigned 
su|)remc among its fellows, the brightest 
star that ever had been seen. But its (lam- 
ing career was short. In a few days it dis- 
appeared ami never has been seen again. 

. . . .Another famous infant 


gether that they look like a 
single point of light, just as 
the two headlights of a 
motor car will look like one 
when they are far away. 
There are some twenty 
thousand of thesi* double — 
or “binary” 0.)T'na-ri^ -- 
stars. Indeed, it has been 



pnxligy was seen by 'I'ycho 
bralu* (le'ko bra'e), a great 
Danish astrononu'r of the 
sixteenth century. On his 
way liome one night from 
his ol)servatory, he saw a 
bright star overhead which 
In* had never seen before. 
Ih* knew tin* heavens all }>v 


A* *1.-. t. ^ 1 J . J IVlll I III- IK il\ iOl 0\ 

• 1 At the left IS a planet, a dear round Steady , , ' 

suggested that single stars light that does not twinkle. At the right ir heart and could be in no 

such as our sun mav be ® twinkles, for its rays I 

more rare than double stars, star may be, it looks like the merest speck si ranger; and \'et it se(‘mt‘d 

Binary stars circle around * to 111^ Ys ^ ridiculous K. think a new 

each other, sometimes so our atmosphere. That wavering is what star had been born. So he 


close together that they 


makes the star twinkle. 


called s»»me of Jus servants 


scrape but sometimes so far apart that a to assure him tlial the star was reallv there. 


takes many years for them to make the trip. 
If one i.s dimmer than the other and is so 
f)laced that it comes at times between us and 
its brighter mate, they will look to us like a 
single variable star — dim when the dimmer 


Then he went to his observatorv and re- 
corded the newcoim‘r's exact position, mean- 
ing to watch it and discover whether it was 
a planet or a so-ealled “(ixed star.” He 
was a good deal twilled by his friends as 


member of the pair is next us and bright to his latest find, though he was always 


when it has moved out of the way. 


able to re[)ly by j)ointing it out to iher 


Algol, the Demon Star 

Such is Algol — a worrl meaning ‘‘< lemon" in 
the Arabic — which is a bright star (^f the sec- 
ond magnitude exce[)t for a few hour*:^ every 
day and a half, when its light is dimmed to a 
quarter of its ordinary brilliance. This star, 
and the others like it, arc called “cclijxsing 
binaries”; and binary stars that arc so fur 
apart as to be seen through the tel(*.scope as 
two stars arc called “visual doubles” — that 
is, “stars that are seen to be double.” 


But after three wx'cks, the splendid visitor 
l;egan to fafle. It managed to last a little 
longer than a year and then its light went out. 

When a Star Explodes 

We believe a marve*! of this kind is caused 
by sonu* tremendous explosion of gases 
within a star, or by friction that heals up a 
star for a while as it is jxissing through 
some ocean of heavenly vaj>or. Ilut we are 
none too sure about all this. We call these 
stars “novae"’ (nO'vC), from the Latin word 
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for “new.” llu^y llare uj) rapidly, l>iil 
gradually farle away, and usually disappear 
entirely. 

The stars arc always shining. Wlicn the 
sun comes uj) they di.sajipear herause lie is 
loo l^right for them. We can sec a white 
mark on a dark object, just as we see the 
stars in a dark sky; ])ut wc could not see 
the mark if the object were all as white as 
the mark is, and we cannot see the stars 
when the sun has made ihi! wlu»lc sky as 
bright as they are. Yet we can ofti;n see 
the moon, and even the ])lanet Venus, in 
broad daylight, and through a telescope a 
score of stars are visible, ll is often said 


always twinkles more violently than any 
neighboring star. In fact, his winking is the 
surest sign by which to recognize him. I’he 
Greeks were conscious of his habit and 
dubbed him “the twinkler.” It is a puzzling 
trait; astronomers are at a loss to explain it. 

What Makes the Stars Twinkle? 

The nearer a star is to the horizon the 
more violently it winks, because its rays 
then have to travel through a greater thick- 
ness of quivering atmosphere than when it is 
overhead. The red stars twinkle least, 
while yellow ones twinkle more vigorously 
and uhite or bluish ones the most of all. 


that from the bottom of a well the 
stars can be .seen at any time of 
day, but this is a mistake. \o 
one has ever been foun<l who saw 
them tliere. 

On a planet without atmosphere 
the stars would never be ])ut out 
by the sun, for the background of 
the sky woukl alw.iyhlic black. It 
is the rellection of the light by 
every tiny j)arlicle of our air that 
makes the bright blue sky. In 
vacant space all is as black as 
night e\c<-pt when one is scjuarely 
.in a ray of light. 


This will show you why we 
cannot see the stars in the 
daytime. At the left you 
see a star shining clear 
against the dark night sky. 
Now though you may not 
believe it, the stars are 
shining a** brightly at noon 
as at midnight, but be- 
cause the sky is as bright 
as they, you can no more 


J-ook out Some night through a 
window placed over a steam radi- 
ator at a street light a little way 
olT. 'J'he waves in the air cjiiiscd 
by the rising heat w’ill make the 
light appear to wdnk and twinkle 
just as a star does anrl for the 
same rea.son. Or when you are 
motoring over an asphalt road on 
a hot day in summer, notice, as 
\ou near the top of a hill, the ac- 
tion of the rising waves of heat — 
how they stvni to distort the sur- 
face of the road. Tn exactly the 
same wa}' a ray of light gets out 


In most ])lace.s the easy way to 
tell a star from a planet is to 
whether it t\\ inkles. I‘'or stars 
twinkle and ])lan('ts do not. .\ 
star is so far awav that it i^ like a 


see them than you could 
see the star shown here if 
it were placed on the white 
patch at the right. Re- 
move its black backgrouni 
and intt'*ritly it sinks on 
of sight. 


of shape in traveling to us through 
our almosjdiere. 

Stretching in a silvery band 
from north lo south across the sky 
is the great bell of misty light we 


mere point of light. So, when its liny ray 
meets irregularities in llie diiTereiil laytTs of 
our air, it cannot travel through them quite 
smoothly. It will quiver and waver, or, 
as wc say, it will twinkle. 

How to Find the Planets 


( all the Milky Way (.>r the Galaxy (grd'ak-sTb 
rhis bright belt forms a full circle all the 
way around the heavens and is made out of 
millions of very faint stars clustered together, 
with many brilliant stars ranged near it on 
either side. On a clear, moonless night it is 
the most striking feature in the sky; for the 


But the ray from a plan(*t eomes from a 
Ix^dy so near us as lo seem consideraI)ly 
larger; and so, instead of is.suing from a 
mere gleaming j>oinl, it is shed from soi. - 
thing a little more like a round disk. It is 
mucli harder for so larg(‘ a ray to Ik* dis- 
placed. ('onseriuently, ]danets do not wink, 
rhey shed a stdady light, as do the sun 
and moon. Yet in this mailer the lillle 
planet Mercury is a law unto himself; he 


stars in it are so thick that it looks like 
great cloud made out of star dust. If wc 
think of the Arlky Way as the metropolitan 
('enter of the heavens, the sun and all his 
family of planets may be compared to a little 
farm group in a thinly populated country 
(list rid. 

Under a telescope this gleaming haze 
jumps into a multitude of faint stars making 
:i vast, powdery circle through the universe. 




If it were not for the earth's atmosphere we could see 
the stars as clearly in the daytime as at night, for the 
sky would always be black. Bist the air spreads the 
sun's rays so that the sky is bright whenever the sun 
is up. Against this bright back^jound the stars are 
invisible. In other words, it is as if you held a flaming 
match against a lighted incandescent bulb. In the 

It is estimated that a single photograph of 
the densest region, if taken through the 
powerful telescope on Mount Wilson, will 
show two or three billion faintly glowing 
suns. They are massed together in groups 
that are from five thousand to forty or fifty 
thousand light years across. Our own sun 
ind all the brightest stars belong to one* of 
these groups. 

What Is Our Universe? 

The universe that owns this starry girdle 
is spread out through space in the form of 
an enormous flattened sphere — shaped, we 
may say, very much like a watch — and so 
vast is it that a ray of light needs about 
250,000 years to travel across it. As we 
have said before, the stars are always pacing 
through these great heavenly sjiaccs, each 
in its accustomed jialh. Some move so 
fast, however, that they some day may 
leave our universe entirely — jxirhaps to 
journey to another which we know nothing 
of. For the boundary of our starry universe 
is reached when there is no longer a Ijody 
still beyond which is attracted mainly by a 
body within the universe. 
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oval at the left the flame has a dark background and 
you see it quite clearly, but in the right-hand oval the 
flame is being held against the lighted bulb and does 
not show at all. The sun's rays penetrating our at- 
mosphere blot out the stars just as the light from the 
bulb acts to blot out the flame of the match. They 
cannot show against their background. 

Our own universe is large enough to bt‘ 
beyond the wildest dreams of the imagina- 
tion. So when you ga/e up at the \iilky 
Way, you must try, if you can, to reali/.e 
that you are looking al billions of glowing 
suns, many of which may be warming 
worlds like our own. You happen to be 
placed about midway in the watch between 
the face and liack, Imt a good deal to one 
side of the center of the circle. Now if you 
look toward the face or back, so to speak, 
the stars will not a[)ix*ar so thick lieiause 
they are not spread out so far in those direc- 
tions; but if you turn toward the round 
rim of the watch, they will look thick enough 
to form the Milky Way, because they run 
so far in that direction. In a word, when we 
look up at the Milky Way we are simply 
looking through the universe where it is 
longest, and of course we see more stars. 
Such a glimpse at the billions of suns in a 
single universe will make us realize, as 
I)crhaps nothing else can, that neither you 
nor I can V^e the center of it. 

'Fhc men of old knew well enough that 
it is hard to find a given star on a clear, 
moonless night, when all the sky is glowing 
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with its thousands of lights. So they divided 
the more brilliant stars into familiar groups, 
which even modern men arc glad to use as 
guidcposts. The groups are known as 
“constellations” (k^)n'st6-la'shtln). None of 
them are hard to make out, and once we 
know their faces, they greet us like old 
friends- -the faithful Bear, the lovely Pleia- 
des (ple'ya-dc/), Orion (o-ri on) the great 
huntsman, and the Swan. 

liach star has, so to speak, a given name 
and a surname. The given name is a letter 
of the Greek ali)hal)et, while the surname 
is that of the constellation. The brightest 
star in the constellation will be Alpha, the 
Greek A, the next . , . 


in the second century after Christ. It con- 
tained loSo stars. 

As the obedient earth i)ursucs her year- 
long path around the sun, she sooner or 
later sees her glowing lord from every point 
in the circle. We now know that it is our- 
selves who travel; but to the ancients, who 
felt they were the unchanging center of the 
universe, it was the sun that seemed to make 
an annual trip round the whole circle of the 
heavens. Measured by the constellations, 
he seemcfl to move through a great j)ath 
from month to month, along which were 
strung a dozen groups of stars that never 
changed position. These stars were given 
, names of animals and 


brightest will be Beta, 
the Greek B, and so on 
down through the al- 
phabet. Thus “Alpha 
('anis Majoris” means 
the brightest star in the 
constellation whose 
name, hted into 
I'jiglish, means the 
“Larger Dog.” This is 
the star we also know 
as Sirius, for very bril- 
liant stars have names 
of their own, aside from 
those they take as 



Above you may see the effect of air in spreading 
rays of light. All the air has been withdrawn from 
under the glass dome at the left; in other w'ords» 
what we call a vacuum, or perfectly empty space, 
has been created inside the glass. As a result, the 
globe inside the vacunm, although it is exactly like 
the globe you see at the right, shows only where 
the lamp’s rays are shining directly upon it. The 
rest of the globe is in a shadow so black that nothing 
shows at all. But the globe at the right, which 


gods that had interest- 
ing connections with 
the various months- - 
stories that would take 
too long to tell here. 

What really hap- 
pened was that, sight- 
ing from the earth, men 
would sec the sun, in 
each succeeding month, 
against the background 
of a difTere*nt group of 
stars. These star 
groups, then, would 
make a belt entirely 


members of a constella- 
tion. 


stands out in the air, can be clearly seen even on 
the side that is in shadow, for the air spreads the 
rays of light so that they illuminate even those areas 


Af Tf .1 llnli. where direct rays do not strike. This is what makes 

J\l lirst It IS tl llluc whole sl^ bright even in those patches where 

disaODointilur to learn there are no sun or stars. If it were rot for the air. 


that an entirely form- 


the sky would always be blacker than at midnight. 


round the heavens; and 
along the center of this 
bell or road would run 
the sun’s annual path, 
which we commonly 


less set of stars is the famous Ram or the refer I > as the “ecliptic” (t*-klip'tTk.). 


Dragon or the hero Perseus. For the imagi- 
nation of the early Chaldeans and of the 
Greeks carried them a long way, we must 
admit, in tracing likenesses. Hut without 
their poetic fancies it would be much more 
difficult to memorize the starry patterns. 
'Pheir crude niai)s of the lieavens have en- 
tirely disappeared, lost in the long ago, hut 
they served their purpose. An early one * is 
made by an ancient Greek astronomer named 
Hip])archus (hf-par'kiis), who died about 130 
B.C.; but the earliest list that has come down 
to us is in the Almagest (;\Fma-jfst), an as- 
tronomical work by the famous Ptolemy 
(I6l'c-ml), an astronomer who lived in Egyi)t 


Now almost all the constellations which 
stood along this apparent course were named 
for animals; so the great road was called the 
“zodiac” (/o'di-ak), from a Greek word 
meaning “a circle of animals.” Part of the 
word \Ne see in other forms which use the 
(ireek for “animal”; “zoo” and “zoology” 
are ])oth mad * up in part from the Greek 
“zoon,” meaning “animal.” 

What Are the Signs of the Zodiac? 

Beginning with the ofiening of spring, the 
sun was seen against— or was said to “enter” 
—the following constellations, one for each 
month until the ne.vt spring: the Ram, the 
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Bull, ihc Twins, the Crab, the Lion, the 
Virgin, tlic Scales or Balances, the Scorpion, 
the Archer, the Goat, the Water Bearer, 
and the Fishes. These are the creatures 
that form the ‘‘signs” of the zodiac; you 
see them in e\Try almanac and th<*y are 
often used for decoration elsewhere. I'hey 
are commonly referred to by their Latin 
names, which we will give in order, as above: 
Aries (a'ri-e/), Taurus (td'rus), Gemini 
(jfm'l-ni), Cancer (kitn'ser), T-eo (le'o), 
Virgo (vTir'gd), Libra (li'bra), Scorpio (skor'- 
py-o\ Sagittarius (saj'I-ta'ri-u;»), 
Caj^ricornus (kapVf-kor' 
nus\ Aquarius (a-kwaC 
and Pisces 


the heavens; it always remains fixed high 
in the northern sky, f(^r it is almost exactly 
over the North Pole. So even though the 
earth may spin around and always show us 
a changing “skyscape,” this star can never 
rise or set, because the axis of the earth is 
always pointing toward it. It is almost as 
if the earth were hanging from it by a chain 
attached to the Xorth Pole. 

The Pole Siar -or Polaris (p6-la'rTs) is 
not at all hard to find. Jweryone knows 
the star group called in the United States 
the Big J)ii)per and in England 
the Plow, the Wagon, or 
Charles's Wain; it is 
part 

tion known 


their brave deeds. |^l 

Nor is there any rei - * ‘ 

son why we, l< o, , _ 

should not know the ri and 

delight in them. T1 * glow- < 

ing form of I lercules, i 

(kns'I-o-^-'ya) in her glit- gome of th. stirs that send us such . tiny 


(ireat Pear — or Ur- 
HB|\ sa Major (ur^sa 

|Bn\ mfUjer). 'J'he two 

stars forming the 
«hle of the dipjier 
farthest 
fj from tlie handle are 
// ( ailed the Pointers, 

T;/ because they jioint 
toward the North 
tar. Let }our eye 
^ fol iw a straight line 
leadini along them up to a 
clear 1 igh4 star standing 
i and YOU will have 


(kas I-o-pe yaj in her glit- gome of the stirs that send us such a tiny a triple 

tering Chair, the giant ray are really suns so vast that their size star, fixed at the tip of the 

square that marks the S“is%rtdgVu«frred“^^^^^ the constellatum 


the constellation 


winged horse pega.sus (p£g'- we see in the constellation of Orion. If called ihc Jj’ttle Bear 

o our sun and the solar system could be set tr /» » • , 

a-su.s), the diamond-stud- down on top of it, the orbit of the planet brsa Minor (ur .sa mi nor) 

(led CTowm, and gleaming would fall only a little way outside - or the TallU' Dinner 
- - - - the body of the star. 


Cup, all have their pretty 

tales that make the sky a vast picture book. 

Our maps will help you make these glow- 
ing personages your lifelong friends. Of 
course, anyone living south of the Equator 
will see a different set of constellations, un- 
known to the Greeks and therefore unpeopled 
by heroes of mythology. Of I best; the South- 
('rn Cross is jirobably the most famous. 

Why the Pole Star Never Moves 

To anyone living north of the Equator, 
• the “North Star” — the “Pole Star” - is the 
only one that never seems to move acro.ss 


Around it the Big and Little 
Bears and all the other constellations in the 
heavens seem to circle. Because they «ire 
so near the jxile the two Bears never set, 
at least for dwellers in our northern latitudes. 

Is the North Pole Changing? 

As a matter of fact, the Pole Star is not 
preci.scly over our North Pole; it is about 
two moon-breadths out of the way. For 
the position <ff the pole in the heavens is 
shifting ever so slowly. ..In about I 2 ,cxx 5 
years the bright star Vega (ve'ga), in the 
constellation of the Lyre, will have sue- 




Oxerhead 





OvrrliFiHi 



If you will look into the northern sky on an evening in January or February, you seus star at waist Algenib He cames the Medusa’s Head, with its star Algol 
will see the constellations shown on this map They are as follows 2 Andromeda 35 The Great Bear or the Big Dipper, also called Charles’s Warn 36 The Little 
^ ® Cassiopeia 9 Cepheus 10 The Charioteer bnght star Capella Bear or the Little Dipper witti the North Star, or Pole Star, at the tip of the tail 

IS The Dragon 16 The Eagle 18 Leo or the Lion 26 Pegasus 27 Per- The dotted lines outhne the Milky Way 




Overhead 
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erhead 



The southern sky on an evening in September or October shows these constella- bright stars forming “the square of Pegasus.** 29. Sagittarius, or the Ardier. 

tions: x. Aquarius, or the Water Carrier, a. Andromeda. 7- Capricomus, or 31. The Southern Fish; star at tip of nose, Fomalhaut (f 6 'mU«h6t). 32. The Swan, 

the Goat. 14. The Dolphin. 16. The Eagle; bright star, Altair. 21. The Lyre; 33. Pisces, or the Fishes. 38. The Whale; large star in tail, Diphda. Since the 

white star, Vega. 24. The Man with the Serpent. 26. Pegasus, with its four planets ar4 constantly changing position, it is of course impossible to show them. 
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These are the constellations seen in the southern skies on an evening in November Orion’s Belt. 26. Pegasus. 28. The Ram. 31. The Southern Fish; large 

or December: i. Aquarius, or the Water Carrier. 2. Andromeda. 7 • Capri- Fomalhaut. 33. The Fishes. 34 - The Bull; big star at eye, Aldebaran; sUr 1 

comus or the Goat. 14. The Dolphin. z6. The Eagle. 22. The Hare. 25. Orion; in head, the Hyades; star group in back, the Pleiades. 38. The Whale; si 

big stii under arm, Betelguese; on uplifted heel, Rigel; band of bright sUrs, tail, Diphda; at back of mouth, Mira. 40. The River. 



UhrrhCild 



These ere tiie constellations seen in the northern skies on an evening in November head of turn at left, Pollux, star m head of twm at right. Castor. 21 The Lyre; 
or December: 2. Andromeda 5. The Little Dog large star, Procyon 6 Cancer, bnght star, Vega 27 Perseus, star at waist, Algemb, m Medusa’s Hair, Algol, 
or the Crab 8 Cassiopeia 9 Cepheus 10 The Chanoteer, bnght star. Capella 32 The Swan large star Anded 35 The Great Bear, or Big Dipper 36. The 
15. The Dragon z6 The Eagle 17 Hercules 20 The Twins bnght star in Little Bear, or Little Dipper, star at tip of tail, the Pole Star 




If you will examine this diagram closely, you may be he is making a lively disturbance with his gong, will 

better able to form some notion of the tremendous not live long enough for its noise to carry to some of 

vastness of the universe. You will notice that our the nearer planets. The swiftest thing in the universe 

swiftest conveyances.- express trains, automobiles, and is a ray of light- it is literally as quick as thought! 

airplanes— hardly make an impression on those terridc Yet the rays from the nearest star, the one we know 

distances, even when they go at topmost speed. Sound as Alpha Centauri, the brightest star in the constella- 

and radio waves do better^ though the boy who feels tion of the Centaur, are four years in reaching us. 


17Q 




ceeded to the honor. 'Fhe reason for this your life you will be more and more amazed 
change is that the earth — just like a top or at the marvels of their size and beauty. And 
any s])inning object — tends to wobble as it sometimes you will say, with the great 
spins. The wobbling causes changes in philosopher Kant, that there are just two 
many of our reckonings. For instance, the marvels in the universe — the starry heavens 
sun now arrives at the various j)oints in the above, anil the mind of man below. But 
zodiac about a month ahead of the time it sometimes your own mind will be so over- 
was accustomed to arrive when tlie ancients whelmeil by the vast scheme of the sky that 
first named the constellations in the gigantic you will cry out with a greater poet than 
belt. This change is known as the ‘‘pre- Kant: 

cession of the equinoxes.'* “When I consider thy heavens, the work 

We have told only a little about the faith- of thy fingers, the moon and the stars, which 
ful lights that have shone for millions of thou has ordained; 

veiirs and will shine for millions more when “What is man, that thou art mindful of 
you and T are gone. But all your life you him? and the son of man, tliat thou vi.silest 
wir be learning more about them and all him?” 
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Reading Unit 
No. 10 


THE “CI.OUDS” 

Sotr: For basic iniortnatinn 
not foumf on this paf^c^ consult 
the general Index, Vol. 75. 

What arc nebulae? i- 1S2 
When do nebulae become visible? 

I I S2 

A\'h<il i >. llu* iiaiun* «)f ilu* l)ri^ht 
nebula in Orion? i-182-S.^ 

What is the Milky Way? i 18^ 
What are planetary nebulae.'' i 

Things to 

How far away from the earth is 
a nebula if it.s li.t;ht take.s 1,000 
vears to reach us? 

How lar^e is the nebula of An- 
dromeda if lifjjht take.s 50.000 

De.scribe the characteristics of a 
nebula, i *182 

Related 

What is the nebular Inpolhe.sis? 

I 5-6 

According to this hyptithesis, how 
may the .solar system ha\e 
evolved from a nebida? i 4 
How are astronomical telescopes 
built tf» view nebulae? i 185- 
86, 188-So 

How may the Cf)m posit icni of a 
nebula be fletermined? i 187, 

440-41 

eis ure-tim e 

PROJKC" r N(^. I : ( tmslruct a 

model of an astrommiical observ- 
ab)rv tower, i 185. 

PROJECT NO. 2: On a clear 

.V// /;/ mary 

Scattered throuj?h the sky are 
thousands of patches of li; 4 hi 


IN STARRY SPAGK 

For statists aland current facts, 
consult the Richards Year Book 
Index. 


What are ‘‘island universes*'? i- 

What is a light year? i -185 
Abr)ul h«»w many nebulae may be 
visible through a large tele- 
scope? 1 18;? 

Think About 

years to cro.ss it? 

How is it possible to see a nebula 
that has gone dark? 

How do some nelnilae prevent us 
from .seeing certain stars? 

Why are f>bservatories built 
mountain to])s? 1-185 

Ala ferial 

Why are the nebulae invisible in 
daylight? i 175-76, 426 
How we measure the speed of 
light « 'ining to us from heav- 
enly bodies? i 417 
How may we see svune nebulae l)y 
rctlecletl light? i 182, 422 
How do scientists decide where to 
put astronomical observato- 
ries? 1-185, it>o 

Actiidties 

ni«*on!ess night » locale some neb- 
ulae with the aid of field glasses, 
I - 182-S5. 

Statement 

called nebulae. Man\ repre.-^enl 
univei>.i> larger than our own. 


Interest inst Tacts Explained 


Picture Hunt 
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FUolo by Yerkra Ob^ervalory 


In the constellation of Andromeda is this great stariy of suns, many of which must be as bright as our own 
mass, or “nebula,” so far away that its light takas or perhaps a thousand times brighter, is only one of 
almost a million years to reach us. That great cloud many similar universes in the heavens. 

The “CLOUDS” in STARRY SPACE 

Some of Them Are Glowing Masses of World Stuff Far Out 
beyond the Boundary of Our Universe 


CATTERED abroad through the sky 
arc thousands of faint yiatchcs of 
light, t\so of which are bright enough 
to be seen by tlie naked eye. They are 
called ‘‘nebulae” (ncb'u-le), from a Latin 
word for “cloud” — the singular is “nebula” 
(ncb'u-la). On any clear moonless night 
you may see one for yoursi:lf in the sword 
handle of the constellation of Orion (6-n^5n) 
or in the constellation we call Andromeda 
(in-drom^c-da). They look like faintly 
gleaming mists. 


Such glowing “clouds” come from very 
flitTcrent causes. Some of them arc mere 
masses of gas and riusl spread out for mil- 
lions of miles through space. If they have 
no way of catching light and reflecting it 
back to us, they look like great dark holes 
in the fabric of the sky, for they are dense 
enough to put out the light of the stars that 
are behind them, though sometimes a hand- 
ful of stars may be sown against their inky 
background. But when they can catch the 
light from stars that are near, they gleam 
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Reading Unit 
No. 11 


EYES THAT SWEEP rilROUOH SPACE 

Note: For htish hiiorniatioo Fttr statistical and currrnt facts, 

not found on this paf^c, consult consult the Richards Year Hook 
the f^cncral Index, Vol. 15. Index. 

I nterestina Facts Explained 
What is the astronomer's work- 187-88 

shop? I 185 How is an eclipse recorded? i- 

How may the moon be hroiiyht to i8S 

within 50 miles of ns? 1-1S5 How does a planetarium brin^ the 
What is a spectrum? 1-187 stars “indoors'’^ 1 190-gi 

What do astronomers know about The j^real astronomers, i- igi 
the conifxjsition of stars? i - 

Fhings to Think About 

How is the spectroscope’s ^‘rain- How do observatories at ^reat 

bow” read to tell us the com- altitudes overcome the twin- 

positic»n of heavenly bodies.*' klinj^ of stars? 

Do the star? rise ami set? .Are How may a camera be used at 
they motionless? the eyepiece of a telescope? 

Picture Hunt 

How (loes a telescope follow a How is an observatory con- 

star as the earth rotates? i— structed to enable the telescope 

186 to follow the stars? i t88 

Related JVItiterial 

How did Einstein’s the<iry of clocks? 1-186, 10 459-73 

relativity chan.t'e the science of Htnv did (ialilec»’»^ telescope (liffer 
astronomy? 13 409 from the modern instrument? 

Henv does the spectro.scope tell 13— ? 9^-9 7 

us the compositicjn of matter? How are the principles of lenses 
1-440-41 aiifl mirrors used in aslron- 

How is the telescope used to omy? 1-422-34 

check the accuracy of our 

Practi cal A ppl icati o ns 
How is the spcctro.scope u.sed to 187 

determine the composition of Hf»w do the stars tell us the cor- 
substances on the earth? i- reel time? 1-186 

eisure~ti me A cti vities 

PROJECT' XO. i: Make a rain- exposure photographs of the sky 
bow, 1 187. at ni^ht. If [xissible, attach the 

PROJECT NO. 2: Take time- camera to a telescope, i 190. 

Summary Statement 
The telescope, spectroscope, tools, 
and camera are the astronomer’s 


184 





Joseph von Fraunhofer is here shown exhibiting one an instrument called a spectroscope. Those lines tell 
of his remarkable optical instruments. This German us what substances are present in the sun or in a star 
optician and scientist discovered the dark lines which millions of miles away, and are called the Fraunhofer 
we see in a ray of sunlight when it is passed through lines, after their discoverer. 

EYES THAI' SWEEP through SPACE 

And Some of the Other Instruments That We Now Use 
for Finding Out the Secrets of the Stars 


peeled to scr very much. It is since we have nnist important are the telescopes for any 
had te]e.scopes aiul other modern insi rnments we'I Cvjnipped oh.^erx atory will have more 
that we have found out most of the secrets than one Tl e large or "equatorial” tele- 
of the .stars. Without their help we sli dd scope, u^ed U)r taking general observations 
he just about where our ancestors were and sometimes strong enough to bring the 
three hundred years ago. moon as near as twenty-four miles, is 

The workshop of an astronomer is known ])laced under a protecting dome in which 

as an observatory (ol)-/ur'va-to-rT). Here a shutter o]>ens wiile enough to show the 

are all the beautiful and <lelicate instruments sky from tlie horizon well beyond the point 

by which he learns of bodies trillions of directly iiverhead. The whole dome can 


0 


X OLDl'.N' <lays a man had nothing 
but his eyes to watch the stars with, 

I and of course he could not be e\- 


niiles away. The cost of the instruments is 
stupendous, and their ])ow'ers are so varied 
as to make them seem almost magical. The 
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he made to revolve ^ so that the opening 
may be turned toward any point in the 
heavens. 

Because the earth turns constantly, a 
star seen through a telescope will soon 
swim out of view; that is to say, the tele- 
scope turns with the earth and so must be 
continually adjusted if a given star is to 

be kept in 
sight. This 
could be 



Often this 'Svirc” is in reality a spiders 
web. Usually there are several such threads, 
or “wires.” To watch a star pass across 
these lines is an interesting ex|)ericnce; it 
gives one a startling proof that wc are being 
carried swiftly through si)ace on a whirling 
planet. 

A Clock That Keeps Star Time 

In some observatories star transits are 
carefully photograjdied. The astronomer 
has a catalogue of the stars 

- which tells him, to the frac- 

t ion of a second, when certain 
stars are due to pass his 






done by hand for all ordinary 
purposes, although the tele- 
scope often weiglis many 
tons; but sometimes, as when 
Stans are being photographed 

— a process that may cover the same place in the heavens. It 

is move, as the earth spins 

tvtral hours— the move- ,ound beneath them. This con- 

ment of the telescope must change in our position makes 
, r ..1 1 \ 1 it necessary for a telescope to be 

he perfectly timed to keep always shifting if it is to keep a 

pace with the turning of the *«" »n jiew. Thero three 

' . ^ ° pictures will show you very clearly 

earth. Otherwise, the star just what takes place. The one on 

wniilH nnnpnr nnt nc n r 1 f> ir 1 ®^^ shows a telescope directed 
wouia appear, not as a clear „ , evening. As 

image, but as a streak of light the night wears on, the star is 
across the plate; for if the ?;5aes“te'l^ghe8r'^.“^ ST tte Hint kind of clock 

camera moves, the efTert is Then it begins to go if you will look in the die- 

*1... .. T .1- 1 down the sky toward the horizon, . • 

C|uitc the same as il the ob- and the telescope must point in tionarv you will lind that the 

ject itself had been moving. ” “siderear’ (sT-do're-rd) 

All this is remedied by turn- ' comes from a Latin ailjective 

ing the telescope evenly by clockwork, so meaning “i)crtaining to the stars’’ for 

that it may be kept pointing at exactly the “sidiis” is the Latin word for ‘^star.^’ A side- 


Svirc ” Just before the tim(‘ 
when they should cross il, he 
lakes up his position at the in- 
strument and checks his side 
real clock as the star sw’ings In . 
“And what,” >ou say, “is 


same spot in the heavens. These clocks, 
like all the other instruments, arc adjusted 
with marvelous exactness. 

The Transit of a Star 

In nearly all observatories there is a much 
smaller lelescoj)e known as a “transit instru- 
ment,” and used for watching the transit 
— or passage— of a star or other heavenly 
body across a very fine ware in the eyepiece. 


real clock is, therefore, a “star clock” -one 
that is regulated by the stars and not by the 
sun. It is the kind that is used for all astro- 
nomical work, and, interestingly enough, its 
lime differs considerably from that of our or- 
dinary clocks. In fact, the day by star lime 
is almost four minutes .shorter than the day 
as measured by our clocks. . 

Curiously enough, it is ea.sicr to sit in 
London or New York and tell what sub- 







stances go to form a star trillions of miles 
away than it would be to tell what sub- 
stances are to be found on a lonely island in 
the southern seas. Yet the island, in com- 
parison with the star, is almost under foot. 
Now this is all because there is no way to 
investigate the island without going out to 
see it, but in the si)cc troscope (s|)fk'tr6-skop) 


rainbow in the sky act in precisely the way 
a prism does. 

Now every kind of light has its own 
spectrum — that is to say, its own peculiar 
arrangement of bands of color when it is 
passed through a prism; and every different 
kind of chemical substance sends out a 
different kind of light. A tremendously hot 






When a ray of sunlight is passed through a spectro- 
scope, it comes out in a long colored band like the 
rainbow. Two different sections of this band— which 
is called a spectrum — are shown in the two upper 

the ray from the most distant star can be 
.made to tell just what is in the star. The 
spectroscojje reads the secrets in the light 
no matter how far the light may luive come. 

How to Make a Rainbow 

When a beam of light passes through a 
triangular t)iece of glass — or what is calle<l 
a prism (prl/Zni) — a curious and beautiful 
sight is tlic result. The beam is split up 
into all its different parts and comes out 
on the other side of the prism in seven 
different kinds of rays. In other words, 
it is turned into a rainbow, and appears in 
the shape of seven brightly colored bands — 
violet, indigo, blue, green, yelknv, orange, 
and red. You can always recall their order 
if you will memorize the imaginary V'*rd 
“vibgyor.” These seven parts of which the 
sun’s light is composed are called its sjkjc- 
trum (si)ek'trttm). They may be seen in 
the rainbow as well as in a prism, for the 
millions of drops of water through which 
the sun’s light passes whenever we see a 


bands shown above —of course without the colors. 
The dark lines are the famous Fraunhofer lines, which 
show what substances are present in the sun. At the 
bottom is the spectrum of a dwarf star. 

solid or liquid substance or a hot gas under 
high pressure all send out light which forms 
a band of colors without a single break; this 
is called a “continuous spectrum.” But a 
llame gives a spectrum broken by bright 
lines a».ii>'^s its width, and from their position 
we can t i’ what substances are being burned. 

What Stars Are Made Of 

In light that comes to us from the sun 
(»r from a star these bright lines become 
black, though their arrangement is the same. 
They are dark because the cooler, outer 
layer of the ball absorbs the light from the 
inner, hotter, substances and leaves a blank, 
which ap|)ears as a break in the spectrum 
where ordinal lly the bright bands would be. 
Wc know this as a “discontinuous spectrum”; 
it in no way interferes with our ability to 
tell what kind of light it is wc arc examining. 
For instance, when dark lines appear in a 
certain position in the yellow part of the 
spectrum, we know that sodium, a common 
substance in chemistry, is present in the 
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riioto liy Mt Wilson Ohscrvnrory 

This is a view of the outside of the Mt. Wilson tele- 
scope. As you see, portions of the dome may be 

star, for whenever wo burn sodium in a 
llame wc always sec this particular arrange- 
ment of lines. Some substances produce a 
great number of lines; for instance, iron and 
calcium yield many hundreds. (Chemists 
hav’e made uj> charts of all the spectra of the 
different substances; so we may recognize 
them even though the substance is sending 
out the rays to us from the most distant 
star. 

The Wonderful Spectroscope 

The instrument by which the sj)eclra- 
plural of “spectrum” — are detected is called 
a spectroscope. Its j)rinciplc is simple 
enough. Its most important part, of course, 
is a glass prism. This is placed at one end 
of a long tube, which is so devised as to ad- 
mit only a very narrow beam of light at the 
other end. After passing through the prism, 
the light travels through another tulx sim- 
ilar to the first and apj^ars before an eye- 
piece at the end. It is here that the 
spectrum may lie viewed. 

It is usual, in studying the stars, to take 
y)hotographs of the sj^iectra and examine 
them later. A photograph possesses the 
great advantage of recording lines which 


opened, in order that an observer may see every quar- 
ter of the heavens simply by revolving the telescope* 

are altogether invisible to the naked eye. 

Modem scientists also have an instrument 
called a t}uTniocou[)ie to measure a body's 
temperature. It might be said to “see” the 
heat rays. 

It is not, after all, so very long ago that 
a total eclipse of the sun, tasting a few 
])reeioiis seconrls, could come and go and 
leave no lasting record. A memory in the 
minds of a few astronomers, im[)r(\ssions 
gathered during the excitement of the great 
(‘vciil, were the only records science liad to 
work upon, lo-day all this is changed, la 
accorfl with plans made months in advance, 
hundre<ls of delicate cameras are trained 
ui)oii the spectacle. When the full light of 
day returns once more, the j)hotographic 
plates contain a lasting record of everything 
that happened. These the astronomer may 
study as long as he pleases; the facts they 
show are there beyond debate. 

The Magic Eye of the Camera 

And all this is useful for yet another reason. 
The camera has a much keener eye than man. 
When the human eye has looked intently 
iif)on an object for a few seconds, its delicate 
tissues grow tired and must be rested; but 
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In the lower left-hand corner is the 
great 40-inch telescope in the Yerkes 
Observatory, at Williams Bay, Wis- 
consin. Because when the telescope is 
directed horizontally the eye end is 
thirty feet higher than it is when the 
observer is looking straight overhead, 
the floor of the observatory is made like 
on elevator and 
can be raised up 
and down without » 

its affecting the ^ 

height of the 
stand on which 
the telescope 


At the left is the Mt. 
Wilson reflecting 
telescope, erected by 
the Carnegie Institu- 
tion on top of Mt. 
Wilson, near Pasa- 
dena, California, at a 
cost of nearly S600,- 
000. Its reflector is 
100 inches across, 
and the glass which 
went into that giant 
mirror took a number 
of years in the mak- 
ing. Through this 
great telescope, the 
second largest in the 
world, a scientist may 
see as many as a bil- 
lion and a half stars. 


m 




At the right is a model 
of the Hale telescope, the 
largest in the world. It 
was built by the Califor 
nia Institute of Technol 


California. Its rer.i dor 
IS a mirror 200 inches 


across and weighs thirty 
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the sensitive photographic plate goes right 
on storing up impressions without a trace 
of weariness. 

Where We Build Observatories 

It also has the {)owor of accumulating 
very faint impressions into something that 
may be seen. Many dim stars have been 
photographed which the 
eye of man has never 
seen. However long we 
may stare at an object 
too dim to be visible, we 
shall never see it; but the 
photographic plate can 
gather impressions over long 
hours. On careful develop- 
ment of the plate or film 
they will become visible. 

To-day astronomers 
seldom sit with their 
eyes glued to a tele- 
scoi)e, as once they 
did. Instead, they 
take out the eye- 
piece and insert a 
photographic plate in its stead. Photogra[)hy 
's thus a great aid to astronomy, and is one of 
the main reasons for the great progress of the 
science in the past few years. 

The great blanket of air around the earth 
is not of even density, and as a ray of light 


It is hard to realize that people in a great city 
never see the stars in their full splendor. 
That is why the Hayden Planetarium, in New 
York City, gives joy to thousands. It contains 
over 9,000 stars, and can show the heavens as 
they looked upon that first Christmas night in 
Bethlehem nearly 2,000 years ago, or as they 
will look to-night or 2,000 years hence. 



photo h> Carl Inc 


be a great nuisance to a student of the heav- 
ens, are almost altogether left behind. But 
mountain tojis alone do not insure “good 
seeing.” Vegetation, snow, surrounding 
desert conditions, distance from the Equator, 
and the ea.se with which the fxiint may be 
reached — all these affect the usefulness of a 
given spot as a situation for an observatory. 

They all are taken into 
consideration. 

Many observatories 
now contain still other 
instruments — for regis- 
tering earthquakes, esti- 
mating the strength and 
the direction of the wind, 
counting the hours of sun- 
shine, recording the amount 
if rain, the temperature of 
the air at all times of 
the day and night, 
and the percentage 
of moisture that it 
contains- or what 
we call the humidity. 

Certain observato- 
ries even record the electrical conditions of the 
atmosphere. 

When you kno^v that “aqua" is the Latin 
word for “water” you arc not surprised that 
an aquarium should contain tvater. And a 
planetarium (plrin'e-ta'rl-um), as you may 


passes through varying Adler Planetarium, at Chicago, is the guess, ought in some wa>' 
layers, it wall quiver and largest in the world. The dome is ninety feet |o house the j)lanets, 

twinkle. Naturally we ??™i 2 nse 8 wn *cast* the^Smi^^^^ though that w'ou Id seem a 

find a twinkling light ^ hard thing to .lo. A 

harder to study than a way the whole drama of the skies may be dictionary will help us 

stp-irlv shown to spectators, with sun and moon, the -.u „ mimp- 

sieaayone. nebulae, and Milky Way. A lecturer exptains (ICIinilloii some- 

Much of the twinkling what is going on as the artificial night walks what like the folk)wing: 
is avoided if the observa- *y- ..^n astronomical machine 

tory is built on a high mountain, which represents the motions and 

for the light then has fewer the orbits of the planets; some- 

layers to pass through. The times called an orrery.” For 

air is also freer of smoke and the clever device was invented 

particles of dust; and in many by the Earl of Orrery (or'cr-I). 

regions the fleecy, 

ever-changing building not unlike an 

clouds, which may Eskimo’s hut in .shape. 


Photo by Cmrl ZoLn, Ido. 
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Over the plaster dome of the planetarium the pageant 
of the starlit sky passes in slow procession. Meanwhile 


the lecturer, at the left, describing what takes place, 
points to the heavenly bodies wi^ a finger of light. 


Inside the domelike structure is a large 
circular theater, with rows of scats run- 
ning all the way around the stage, whidi 
is set exactly in the center of the room. 
When w'c are settled comfortably in our 
places, the lights arc switched off every- 
where, 'Jiat enough are left to show 

a canvas which extends all the way around 
the bottom of the dome. On it are i)ainted 
mountains and the sha]>es of lofty pines, all 
of them standing out as if against a distant 
hori/on. 

Suddenly a motion-picture machine begins 
to buzz, and immediately the ceiling is aglow 
with a thousand stars. We have the sense 
of gazing into the midnight sky. And now 
the moon peeps out above the horizon and 
all the heavenly bodies start to move across 
the sky. Tt gives one a curious start. The 
whole room seems to be turning over on its 
side. It is the moving stars that deceive 
us, just as at times when we arc seated in a 
train that is standing in the station, we have 
the sense of moving off because a train on 
the next track has started slowly in the 
opjwsite direction. 

By the time the moon has reached the 
ix)int directly overhead, a soft light has be- 
gun to steal across the east. It is the s n. 
There on the horizon we see it rise majes- 
tically above the distant hills. Its light puts 
out the stars, which with the dawn had 
begun to fade. ‘Automatic switches in the 
picture machine help the effect, which in 


the actual sky the sun achieves alone. 
Slowly he mounts and swdngs across the sky, 
just as he seems to do from day to day— 
though of course we know that in real life 
it is W'e who move and not the sun. He 
disappears into the western hills and twi- 
light reigns again. We have come to the 
end of a planetarium day. 

Then as we sit in the silence which the 
majestic pageant has laid upon us, we con- 
jure the j)icture of another great pro- 
cession that we would gladly see. There 
they advance from far off in the Kast - a 
line of men wilh ardent gaze fixed on the 
glowing heavens. Their garments are not 
those we wear to-flay. Their llowdng beards 
and loiip. majestic robes speak of antiquity. 
Tor A.si.i, EgyjM, (Ireece, and Rome -and 
many younger lands — have given some of 
their best sons to learn Uie secrets of the 
stars. As tlu^y draw" near wc recognize old 
friends. Brave .\naxagoras and Ptolemy 
pass by, arm in arm with a humble shepherd 
whose name we do not even know. Coj^er- 
nicus, Tycho Brahe, Kepler follow close 
behind. .\nd then come Galileo and Sir 
Isaac Xewk)n, discussing telescopes. In 
scores they p.iss before us, many of them 
men whose names have been forgotten. 
But great souls all, struggling often in the 
face of bitter opposition, and even at the 
risk of their lives, they labored patiently to 
solve one of the noblest problems of man- 
kind " the secret of the universe. 
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Reading Unit 
No. 1 

HOW THE WEATHER MAKES HISTORY 

.Vo/r; For basic itijorniafiott For statistical and current jactSy 

not found on this page, consult consult the Richards Year Hook 
the general Index, Vol. is- Index, 

Interesting Facts Kx plained 


What is meant by climate? i- 

How does the Negro's color help 
him to withstand cerl,un cli- 
mates? I— 194 

What is one explanation as to 
why the northern races are 
white? I - 194 

What is believecl to be a cause 
for migrations? 1-194 


W'hy did the Spaniards settle 
South America? i 194 
Why were the English able to 
settle in New England? i- 

194 

Why did Eskimo civilization re- 
main primitive? 1-195 
Why do the natives (>f tropical 
jungles remain uncivilized? 

I - 1 96 


Things tit Think About 


How does weather affect civiliza- 
tion? 

What conditions on the earth's 
surface would be necessary in 
order to produce unchanging 


weather? 

Why have certain great cities van- 
ished? 

How has weather been the cause 
of war? 


Related fVI aterial 


What is the work of the Ignited 
States Weather Bureau? i~ 

^275-78 

What are the seasons for plant 
growth? 1-2 1 1, 2 195-96, 

25b 

How is temperature measured? 
1—207-8 


How diic climate affect the 

clothes worn by people? g— 
12, 16 

Ht»w does climate affect lan- 
guage? 10 

What is the animal life of the 
Antarctic? 4-204, 217-18, 

223-24, 332, 335 , 13-504-5 


Practical A pplications 


How do people in different cli- 
mates protect themselves 
against the w'eather? i 195- 
97 


How do jH'ople in temperate cli- 
mates maintain a food supply 
when plants are iH»t growing? 

I 196 


Leisure^time A ctivities 


PROJECT NO. I : C'tjllecl and 
mount pictures and photographs 
of the clothing worn in different 
climates. 


PROJEf^T NO. 2: Construct 
models of houses used in different 
climates, i 196. 


Summary Statement 

Weather has changed the forced man to seek food and shel- 

course of history because it has ter in adverse conditions. " 
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We always think of men as living each one on his 
own little spot of earth and calling it home. But if 
we could see with the eye of history, we should think 
of mankind ceaselessly on the move, always pushing 
on into svme new land, always leaving the old and 


seeking the new. And one of the chief forces that 
drive people about is the weather. The men in the 
picture above might well represent our race, chilled 
with rain and snow and beaten by the blast, yet always 
pushing on to greater comfort and freedom. 


HOW the WEATHER MAKES HISTORY 

We Have Learned How to Outwit the Weather, Though 
We Should Never Have Become Civilized 
Men without Its Whims 


in' arc some people Mack and olheF.'. 
white? \\'hv do some live mainly on 
fish, others on fruit, and others on 
llesh and cereals? Why do some huiM 
towering cities while others are satisfied with 
scattered huts? There are a good many 
(lilTcrent answers to all these cjuestions, but 
at bottc^m many of thcmi come down to the 
fact that it is because of the weather! Or 
perliaps it would be better to sa}' because 
of the climate, for “climate” means all of 
the changes of weather a given sjiot may 
have. 

Now of course we are all used to having 
our own affairs affected by the weather. 
Often a rain has upset our plans for an 
outing or a picnic. Some of us may have 
broken a bone on an icy day — and we all 
have heard of houses struck by lightning 


or of m<‘ I lo'.t in a bli/.zard. Only listen to 
lieojde till'. ;jid you wall see how much they 
think about the weather! 

lUit it is not only your plans and mine 
that are disturbed in this w'ay. The weather 
has upset the lives of whole nations. It has 
reiirranged the map. It has made history. 
And without the changes it has brought 
abemt, yi,u and 1 shmild not be li\nng wdiere 
we live* to-day. We should not look as we 
look or act as we act. Yet “weather” only 
mc'aiis the stale of the atmosphere from one 
day to anothc: or one season to the next. 

For it has even given us our color! In 
lands where the hejit is intense and the sun 
beats mercilessly down twelve months in 
the year, even the fairest skins grow tanned. 
Ami after long centuries the whole race 
turns dark. It takes on a lasting coat of 
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I'holo CopyriKlii- l<> Hlisplivu II Willnnl 


it was the skillful fingers of the wind that carved these climate about as hot and dry as any in the world, 
beautiful curves and masses. But few persons ever So of course the place is a desert, with almost no 
see them, for here in Death Valley, California, the rain and a heat that day afte day may climb to z 20'^ F 


land. Ca/ broad land is the re.sultl 

Let us hoi> off a little way into space and 
look at the earth through a telescope. We 
shall see at once that some parts of the 
earth are swarming with people, while other 
regions have not a single inhabitant; and 
it will be easy to guess that the jilaces where 
the people live are those that have the cli- 
mate that is best for man. But strangely 
enough, they will not abvays be the jdaces 
where living is easiest — or where the climate 
is most comfortable. 

Children of the Frozen North 

For old Mother Nature seems to have 
arranged that w'c should thrive best when 
we have to work for a living. So climate 
has a great deal to do with character. To 
be sure, we need a certain amount of comfort. 
Neither men nor animals can live long in 
the midst of the blizzards that rage at the 
North and South Poles. And even outside 
the Arctic Circle the Eskimo has his ha. ’s 
full to keep himself alive. Wrapped in 
heavy furs, he takes his spear and crawls 
out of his hut of snow^ to hunt his food. He 
goes dowm to tire frozen shore, climbs into 
his canoe, and paddles about all day among 
the ice floes looking for fish or seal. Fish, 


blubber -huge masses of fat — and the flesh 
of a few Arctic animals are about his only 
food. It is easy to see that he will have 
little lime or inclination to build himself 
railroads and factories, or libraries, theaters, 
and schools. 

Roving Arabs and Idle Africans 

fn deserts, too, life does not give men a 
chance to make the most of themselves. 
I*. veil tin ugh the shifting soil may be rich, 
there is r • little moisture that nothing will 
grow'. So only two animals can cross a 
(lescrl three or four days wide — man and 
the camel, d'he camel is built by nature to 
do so, and man has learned how. But the 
hardy Arab, whose wild, roving life takes 
him from watercourse to watercourse, is not 
likely to build up a fine music or poetry or 
architecture as he rides on the back of his 
camci. 

But neither v an the man for whom Nature 
does too much! In the hot forests along the 
Amazon are tribes who do not need to till 
the soil to get their food. They are the 
pampered darlings of our great Mother 
Earth. The land around them is rich and 
there is plenty of rain and warmth to make 
things grow all the year round. They do 
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not need warm clothing, or any other ing up food for the rest of the year. And 

shelter than the tliick foliage over their we must build warm houses to shelter 

heads. As one writer puts it, “the natives ourselves against the winter’s blast. In 

lie flat on their backs and the bananas other words, man must constantly use his 

wits to kecf) himself comfortable — and it is 



One glance at these three homes 
will tell you in what section of 
the globe each one is to be 
found. The Eskimo makes his 
hut out of ice and snow because 
it is the only building material 
he has— and luckily for him, it is 
excellent to keep out the cold. 

But we know what would hap- 
pen to such a house farther 
south when spring came along 1 
Fortunately we have plenty of 
wood and stone to build our 
houses of. And because we are 
.isited by the sun every day in 
.tie year, we can fill our walls with 
windows and doors, and live on spa- 
cious verandas. The Zulus U? Africa find 


only by using his wits that he can develop 
them and so grow capable of building up a 
great civilization. 

Before There Were Storms 

Now it is an interesting fact that our good 
old earth never used to be tormented with 
all these fits of 
weather. For 
millions of 
years, be- 
fore the 
^ crust of the 
BmI f earth was 

R-LW \ rough as 
V it now is, 
things were 
as calm ami 
unchanging 
as a perfect 
su mmer’s 



it much too hot for very heavy labor. 
So they jurt put up a hasty shelter 
against sun and rain, and build it of 
grass or leaves or whatever comes to 
hand. They don’t intend to hand it 
down to their children. 

drop into their mouths.” So, like 
all siH)iled children, they cannot 
do anything for themselves. Since 
they do not need to work or plan 
for a living, they never have 
learned how to work or plan 
for anything else. Their civil- 
ization is no higher than the 
Eskimo’s. They are still savages 



because of their weather^ PLwtoe l»y Ainericim .Muaeumuf N’atiiritl lliiiii.ry aii<] Vimial EtliicaUfUi .Service* 


So it is in the Temperate Zones, be- 
tween the icebound Poles and the blazing 
Tropics, that we find men at their best. 
There the earth will grow all the varied 
foods we need to make us strong, but 
we must work to raise them. For there 
is a season when the earth is frozen and 
barej so we must spend the summer stor- 


seasons came and went without any great 
change in temperature, light breezes blew 
at times, and showers were frequent. 

There were no “storms” — only settled 
“weather.” To be sure, no man lived then 
to leave a carved inscription or printed book 
to tell us of the fact. Wc have to find it 
out fiom records left in the enduring rocks 





THE STORY OF THE WEATHER 



i“ !'*“* 1"^?? *!'*•“*}.••'** ?*"'** “S '»><* weather coI(ter; they bring us the clear, bracing days 
Mrth blas^, and this is the kind of scenery one hr -j that act as a tonic. And in other ways those ice fields 
there all the year round. For though it is so many affect the lives of civilized men. For from time to 
thousands of miles away, this great sheet of ice in time, with thunderous roar, a giant mass will break 
Alaska helps to make the weather for people like you away, and as an iceberg go sailing down into warmer 
and me. The winds that blow over it make our waters, perhaps to be the death of a gallant ship. 

by the hand of Nature herself, liul from have grown into the talented animal he is 
them we can learn that whenever the earth’s without diis exciting variety in the state of 
surface ha.s been smooth -either covered the atmi'ojihere. He might have betMi much 
with a broad ocean of water or lying in a like the Sv>ulh American natives wc have 
low Hat ])lain — the weather has been as just talked about — too kuy to do anything 
gentle as a new-born lamb. but eat ami sleei). As it is, he is abvays 

But the oceans were forced to recede when busy shutting out the cold or getting in his 
mountiiins began to raise up their great food or providing clothes for his back. And 
heads, and then the weather began to grow when he has time enough loft over, he wall 
violent. For the air formed the habit of till it with diverting sports and arts, in order 
turning in great w'hirls .simietimcs more than to use uj) the energy he is now accustomed 
a thousand miles acro.ss, and of .scattering to s['enoing. 

rain and siiow^ as it twisted. And lightning .St) he wall tell stories and paint pictures 
began to play all about the earth’s bo''v, and play swet,. music; he wall invent hard 
till now' there arc nearly two thousand games and delve into all branches of knowd- 
thunderstorms flashing somewhere at any edge; he wall swim the seas and climb the 
moment in the day. mountains and lly to the ends of the earth. 

It was not till things grew disturbed that And all this will be, in large part, because 
man apf)eared. One womlers if he coul<l so much of the weather is uncomfortable! 
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Reading Unit 
No. 2 


HOW THE SUN MAKES* OUR CI.IMATES 


Note: For basic information 
not found on this page, consult 
the general Index, VoL ij. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


Interesting Facts Explained 
What happens to plants when 200 

they lack sunlight? 1-199 Where does th 

What are the colors oi sunlight? 1-201 

I- 199-200 Where does dj 

How may the sun cure disease? months at a 

1-200 What makes 

What kind of glass transmits the 201-2 

beneficial rays in sunlight? i— 


200 

Where does the sun go at night? 
I- 201 

Where does daylight last for si.x 
months at a time? i -20T-2 
What makes the weather? i— 


Things to Think About 


Why are the days and nights of 
equal length at Quito, Ecua- 
dor? 

Why does the amount of sunshine 
that we get vary? 


Why does the skin tan and 
freckle? 

W^hy do the 'I'ropics get the great- 
est amount of sunlight? 


Picture Hunt 

When it is summer in the Arctic, What causes the seasons? i- 201 
what is the season in the Ant- Where does the sun shine at mid- 
arctic? I— 199 night? 10-476 

R elated M aterial 


What is the sun made of? i— 
109 

How does the sun supply energy? 

1--341, 343-52 

How is the sun's energy stored in 
coal? 1-343-46, 9-435 
How does food provide us with 


energy from the sun? 2-366 
What is meant by the midnight 
sun? 10-476 

How does the sun affect the tides? 

1-134 

How has the .sun affected art in 
Spain? 11-241 


Practical Applications 

How is sunlight used to improve order for us to get the fullest 

health? I— 200 benefit from sunlight? 1--200 

How should windows be made in 

Leisure-time Activities 


PROJECT NO. i: Using a 
chandelier crystal, break up the 
sunlight into its different colors, 
1-199-200. 

PROJECT NO. 2: With the 


help of a friend, use a large ball 
or geography globe and a flash- 
light to show the course of the 
seasons, 1-203. 
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Hero is an Eskimo fishing for seal. It may well be look at the picture up in the corner you will see why 
noon, but no sun is to be seen, for the chances are that is. The earth is there shown with its North Polo 
good that there is no sun in the sky. Only in the tipped toward the sun — in constant daylight. The 
summer does he ever see the sun — and if you will South Pole, you will see, is having its long night. 

HOW the SUN MAKES OUR CLIMATES 

A Few Hours of Sunshine Every Day Make All the 
Difference between Life and Death 


lAVE you ever seen a jjolalo that hatl 
1-1 1 sprouted in the dark? Us sickly 
* shoots are pallid instead of a healthy 
green, and tlic unhapi)y plant soon dies. 
It cannot live without sunlight. And it is 
much tlie same with men. There is a <leep 
reason why w'e like sunny weather. We 
may think, j>erhaps, that it is only I)ec.iiuse 
the sunshine makes us gay and the whole 
world beautiful. But under it all lies the 
fact that sunlight keeps us wtU and m;.’ es 
us vigorous. Without it plants die, as a 
rule; and the human race would die, too, 
if it had to live in the dark. We owe our 
very life to the sun. 

What can it be in sunlight that is necessary 
to life? We cannot eat it or drink it. We 


do not even need it to keep us w^arm. Yet 
its nia^dcal rays keep all the world alive. 

To answer the ciuestion we must first 
split a sunbeam into its various parts. 
Sunlight seems to be simply w’hite, but 
really a ray of it contains all the colors of 
the rainbow', beautifully blended. Each one 
of the seven colors — vdolet, indigo, blue, 
grecr-, yellow, orange, and red — may be 
sifted out from its fellows if the sunlight is 
piissed througii a prism (prfz’m). This is a 
triangular piece of glass that casts the light 
in a series of colored bands very much like 
the rainbow*. It can do this because each 
color travels in w’aves of a different length 
from all the rest; and w'hen a sunbeam passes 
through the prism, each separate ray is 
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rhotoo by Mitiiiii News ice «fi<l <io\i uf N Z 

One might not suspect it, but all the patients shown 
above are taking their medicine, which consists of a 
oose of sunlight. In Miami, Florida, where this hos- 
/'Ital is located, the sun is always high and warm, so 
its health-giving rays are used there in the treatment 


of all sorts of diseases. Those diseases the little 
Maori boy up in the corner is not likely to have. He 
lives in New Zealand, and basks in the sun all day 
long. Right now he is taking a bath in one of the 
hot pools of which New Zealand has so many. 


bent by the glass according to the length 
of its wave. So we have all the colors spread 
out in a row before us. You may see them * 
yourself if you hold a glass ixrndant from a 
chandelier between the sun and a sheet of 
white pajKT. 

Why We Tan and Freckle 

But while we see seven colors, there really 
are many more rays that the eye cannot 
see at all. These lie at each end of the 
rainbow — beyond the red and the \iolet. 
It is those on the eml ne.xt the violet— we 
call them the ‘^ultra-violet rays’* — that have 
so much to do with health. 

They have a powerful effect on the color 
of the skin, too. We all have been burned 
or have got a coat of tan from their action 
during the summer. For the skin, in order 
to keep from being blistered, protects itself 
with tiny particles of brown coloring matter 
that keep the rays outt Those particles are 


what make Ian and freckles. 'Tn the same 
way, races that liv(f in the Tropics, where 
the sun’s rays are miist i)owerful, turn 
permanently brown or black as a protection 
from the burning light. 

Lately we have found out that many 
di.seases may be helped by ultra-violet rays. 
So hosjutals now have sun jiarlors for their 
patients. And since the magical light cannot 
pass easily through ordinary window glass, 
the windows of many sun parlors arc lillefl 
with glass made of quartz crystal, through 
which the whole of a sunbeam comes freely. 

How Long Does the Sun Shine? 

Sunshine is so important that the weather 
man keeps a daily record of the number of 
hours of it that we have. He has found that 
over the greater part of the United Stales 
not more than two-thirds of the daylight 
hours are sunny, though in the western 
highlands three-fourths of them are. But 
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Here are twelve pictures of the earth in its yearly shadow. The result is that the whole of the Northern 

march around the sun. You will notice that, no matter Hemisphere, whirling around every day on its aiis, is 

on which side of the sun the earth may be, its axis - getting less sunlight than the Southern Hemisphere 

or a line running through the earth from pole to pole— during those months, and so we are having our winter, 

is always tilted in the same direction for anyone look- But during the summer months the North Pole is 
ing down at the solar system. Let us suppose you tilted toward the sun, instead of away from it, and is 

live in London, New York, or San Francisco. You in full sunlight. So the whole of the Northern Hemi- 

would be living in the Northern Hemisphere — or that sphere is then getting more sunlight than the Southern 
half of the globe that is north of the Equator. It is Hemisphere, and London, New York, and San Fran- 
the half that the picture shows; for the Pole that we cisco are having their summer. In spring and autumn 

see in the picture is the North Pole. Now you will the two Ihemispheres are sharing about alike — but 

see, if you look closely, that during the winter months while we In the north are having our autumn, the 
the North Pole is tipped away from the sun and is in Southern Hemisphere is having its spring. 


men can ])e well and strong on much Ic’ss 
sunshine than this. In certain parts of 
Northern Stotland the sturdy inhabitants 
see the sun for only about two-ninths of the 
daylight hours, or for an average of only 
2}'4 hours a day. 

Where the Sun Goes at Night 

The sun does not smile on all parts of the 
earth equally, as it might if the world we* ' a 
great Hat j>lain S])read out directly beneath 
it, Jiecause the earth is round, certain i)arts 
of it receive the sun\s rays siiuarely — they 
come from straight overhead — but else- 
where the curve of the earth brings the sur- 
face slantingly under the beams. And 


one-half of the planet is always turned away 
from the sun entirely — it is in darkness; 
though luckily the earth turns round, so 
that all sides get the light once in twenty- 
four hours. 

When a Day Is Six Months Long 

If V'*u look at the diagram you will see 
that between the circles around the earth 
near the lajuator the sun’s rays strike the 
ground almost vertically; that is, they are 
about straight up anil ilown. In this zone — 
or belt — the day and night are each about 
twelve hours long at all times of the year. 
The longest day and the longest night last 
only a little over thirteen hours. 
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But between this zone and the Poles the 
day varies greatly in length. It may last 
only a few minutes or it may be as much 
as six months long; and while one Pole is 
having six months of day, the other is having 
six months of night. The farther one goes 
toward the Poles, the longer are the days in 
summer and the nights in winter. 

Why the Day Varies in Length 

So Quito (ke'to), Ecuador, has days and 
nights that var>' only a few minutes from 
twelve hours all the year round , 
it is very near the Equator. 

At Key West, Florida, the 
longest day measures about 
fourteen hours, St. Paul, 

Minnesota, very much far- 
ther north, has a summer 
day that is sixteen hours 
long; London, nearly 
seventeen; Stockholm, 

Sweden, more than 
eighteen; and Nome, 

Alaska, about twenty-two. 

At the North Pole the day 
lasts six months. 

All this will be easy to 
understand if you will try 
the following experiment. 

Take a small globe, or 
thrust a long ijcncil through 
the center of an orange. 

Then darken the room and 
hold the globe in front of a 
strong light, as the boy 
holds it in the picture — a 
flashlight will do. Tip the 
globe a little, so that the 
top, or North Pole, will 
point away from the flashlight just enough 
to keep the light from shining on it. You 
will notice that the South Pole, at the other 
end of the globe, is in the light. Now turn 
the globe slowly on its axis — or twirl the 
I)encil. You will see that spinning the globe 
does not have anything to do with the amount 
of light that reaches the North Pole. It stays 
in darkness, just as the South Pole stays in 
light. In other words, the South Pole keeps 
having day and the North Pole keeps having 
night, though on the Equator day and night 


follow each other in any one spot as often 
as the globe is turned all the way round. 

But this does not explain why days 
should be of different lengths at different 
times of the year. If you should keep on 
turning the globe in the position it is now 
in, the North Pole would never see the light 
and the South Pole w'ould be bathed in un- 
ending sunshine, while all the places between 
would have days and nights of fixed length 
all the year round. So let us see what 
happens to give us short days in winter 
and long ones in summer. 
Without changing the posi- 
tion of your globe, trace 
with a pencil, as you twdrl 
the globe, the edge of the 
shadow all the way round 
it. You will find that the 
part of the globe south of 
the Equator is getting a 
good deal more light than 
the northern half. The 
southern half is having its 
summer, and the days 
there are longer than the 
nights. 

But the earth docs some- 
thing more than spin. It 
also circles round the sun 
once a year. "You may see 
w^hat happens during this 
long journey if you wall 
walk slowly around the 
light, alw'ays keeping the 
globe tilted at just the same 
angle that you held it at to 
start with and the North 
Pole pointing in the same 
direction. When you are a 
quarter of the way around the room, the 
South Pole begins to grow dark and the 
North Pole to grow light; and you will 
notice that the j)art of the globe north of 
the Equator now gels as much light as the 
southern part. It is now spring above the 
Equator and autumn below it, and the 
days and nights everywhere on the globe 
are of equal length. 

We have a name that we give to this 
moment when the sun is directly over the 
Equator and the days and nights are of 



The Equator and that part of tiie globe which 
lies directly north or south of it always get 
more sunlight than the parts near the poles. 
Of course the tilt of the earth’s axis some- 
times brings one pole into the sunlight and 
sometimes the other, but it is nevertheless 
true that the middle part of the globe is in 
the sun all the time,^nd gets his rays much 
more directly than do the lands farther north 
and south. On this little map you can see 
bv the shading how much sunlight any part 
of the globe gets in the course of a year. If 
you lived at the mouth of the Amazon you 
would get all there was to be had, for you 
would be at the Equator, where the sun’s 
rays are more nearly direct than anywhere 
else in the world. But as you traveled north 
or south, you would find that they grew less 
and less violent. 
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equal length. We call it the equinox (c'kwl- were not tilted in this way, we should have 
n6ks), from two Latin words meaning the same temperature all the year round and 

Qyj. ^jg^yg ^ouM ncvcr 


“night of equal 
length.” There are 
^ two equinoxes in a 
^ear, the spring 
equinox on March 
2ist, and the au- 
tumn equinox on 
September 21st. 

When you have 
circled half way 
round the light and 
are op])osite your 
starting point, you 
will be in the same 
position as the boy 
in the second illus- 
tration. The North 
Pole of your globe 
now leans toward 
the sun and is constantly 
in the light. Jt is liaving 
its six -iivMiiHN of (lay 
Hut the South P(jle is 
now in continual dark 
ness. It is having its six 
moiiths-long night. 

Now compare the line 
on the globe where the 
shadow ends with the 
line you drew wdioii on 
the other side of the 
room. You wdll see that 
the two lines fall in quite 
(litTerent ])laces. More 
light now' strikes the up- 
j)er part of the globe 
than the lower part. The 
days will be longer north 
of the Kquator than 
south of it, and the 




change in length. And 
the sun would always 
rise and set at just the 
same point on the 
horizon. 

We who live to-day 
know that it is the change 
in the tilt of the earth 
toward the sun that 
causes the seasons. Hut 
in ancient times, before 
men knew that the earth 
travels round the sun, 
they naturally thought 
It was the sun that trav- 
eled back and forth 
in the sky. He 
seemed to them to 
start in the south 
in December and 
rise each day a little 
farther north and 
mount a little 
higher in the 
heavens. Wlicn the 
longest day of the 
year w'as reached, 
on June 21st, he 
had climbed to his 
highest point in the 
sky. I’eople ahvays 
cele])rated the day. 
Then he turned and 
ith the south again— 


ligiil now' sirikes me up- Here is the sun — impersonated by the boy with the went souin again 

IM.T Diirt of the elohe flashlight— and the earth, which is revolving round im,] we call the mo- 
\ and round the sun. In picture number i the Worth . 1 r i. 

than tlie lower part. The Pole is tipped away from the sun; the Northern ment i)CI(jrc iiC 

will Iw^ Innm'r Tifirih Hemisphere is having its winter and the North Pole the •solstice 

<la>s will l>t longer norm r ^ turns me soisuce 

of the Kquator than ture number 2 the earth has got around to the other (sol stis), from two 
dU It .. r. ] side sun; so now the North Pole is no longer r in^'in 

south of It, and the the light. It is having its six 

northern part of the months of day, and the Northern Hemisphere is ing “the SUn stand- 
1 V • •. having its summer. The dotted line in the second . m* 

earth will be having its picture shows where the shadow fell when the North 

Slimmer Pol® tipped away from the sun. But of course q'he line on the 

", ... the earth does not really tip back and forth. It . .i • u 4I •, 

So you sec it is the always stays in the same position with relation to eartll W’llictl at this 

tii)i)ing of the axis of ***• ‘‘S ‘® the sun is whet the sun 

II j I iiijj u changes— and gives us our seasons. Of course the 11 


the eartll toward or awav 


changes— and gives us our seasons. Of course the 

earth is all the while spinning, even while it revolves directly OVCrheatl 


around the sun. It is the spinning that gives us our 1 nfimnd 

from the sun that makes night. For it takes twenty-four hours for been nan e 1 

the days grow longer or our ball to turn around, and during that time any from a Greek W’ord 

X ^ ^ i ® .V given spot has been turned toward the light part of ,1 . 

shorter and causes the the time and away from it part of the time — it has that mtans to 


If the eartll 


had its daylight and dark. 


-we call it a 
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I'hotu Li> KeMitiiiifl \j«w ('u. 

Perhaps it will be your good fortune some day to see 
a total eclipse of the sun, and then you will learn, in a 
startling way, how much the sun has to do with the 

“tropic^* (trop'ik). There arc two of them — 
one to mark the line farthest north that the 
sun reaches in its swing back and forth, the 
other to mark the southern end of its journey. 
When the northern half of the gl<jbe has its 
longest day — or summer solstice- -the sun is- 
directly overhead along the line on the earth 
that we call the Tro])ic of Cancer (kan'ser); 
and when it has its shortest day — or winter 
solstice — the sun is directly above the Tropic 
of Capricorn (kap'ri-korn), which is the line 
of turning south of the Equator. Tf the 
stars could be seen in the daytime and you 
were to sight past the sun on June 21st, our 
longest (lay, you would sec a group of stars 
behind him that the ancients used to call 
the Crab~for “cancer” is the Latin for 
“crab.” The star group was probably 
named for our little crusty friend who always 
walks backward, because the sun, on reach- 
ing just this point in the sky, seemed to 
back away and start south again. And the 
line on the earth which is directly under 
the sun at this time was named for the 
grouj) of stars in which ho seemed to turn 
around; it was called the Tro[)ic — or turning 
point— of Cancer. 

In the same way, if you were to sight past 


temperature. For though he is hidden but a few mo- 
ments, as the moon swings across his face, a strange 
darkness and chill immediately settle over the earth. 

the sun on December 2t.sI, our shortest day, 
you would sec him against a group of stars 
that the ancients called the (ioat — the Latin 
word was “capric'ornus.” 'Hie grouj) was 
probably so named bt‘tause tluT(‘ was a 
myth that the young sun god had once been 
nursed by a goat. So the liiH* on the earth 
which has the sun directly overh(‘ad when 
he turns north again was named for the 
group of stars in which he .seems to face 
alxnit — the 'J>oi)ic of Cai)ricorn. 

That portion of the earth’s surface lying 
bctw’ccn the two d'rc)j)ics is callcMl the 'I'orrid 
Zone, or the Troj)ic's. \orth and south of 
the Torrid Zone are the North 'remjx'rate 
and South Tenij)erate zones, reaching to the 
Arctic and Antarctic circles. Inside those 
circles lie the Frigid zones. 

ft is the amount of sunlight we get that 
really g(;verns our annual march of weather. 
The “swing” of the sun from north to south 
in the heavens gives us the snows of winter 
and the fruit and flowers of summer. It 
gives us our long summer twilights and the 
early sunsets of December. To the IVopics 
it brings the wet and dry seasons, to the 
Poles six months of day and night. It 
marshals the endless ])agcant of the seasons. 
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Reading Unit 
No. 3 


SUMMER HEAT AND WINTER COLD 

Note: For basic injormatioo For statistic aland current facts ^ 

not found on this page, consult consult the Richards Year Hook 
the general Index, V oL 75. Index. 

Interesting Facts Explained 


What IS the temperature on the 
tops of some mount aiiis? i - 

207 

Why is it warmer close to the 
earth than hipjh up? 1- 207 
Which <»f the sun\s rays can we 
.see? I 201S 

When docs winter bej^in in your 
Things to 

\\ hy does the sun beat more 
.tioni^ly on the E([uat«>r thiin 
on other points on the earth'.s 
surface? 

Why d(»es the air Rrc»w colder as 
we ^o hij^her up? 

Piet tire 

Why are the mountain tops in 
the backpjround covered with 
.snow? I 207 

Related . 

What was the mythological ex- 
planation t)f the scastms? 14 

Why do the .sea.sons change? i 
III, 20 r 20O-S 
What are the plants of the Arctic 
regions? 2 195 

E eis u re~fi me 

PROJEC T NO. 1 ; Show the dif- 
ference between the strength of 
sunlight at the Kijuator and in the 
Temperate Zone by using a globe 
and two flashlights, 1-208. 

Su rn mary 

The high temperatures of the 
tropics, are caii.sed by the direct 
rays of the sun, whereas the 


latitude? 1—210 
Where is the coldest place in the 
United States? 1-2 10 
When does summer begin in your 
latitude^ 1—210 
What are the .seasons at the 
Poles? I— 2if 

Think A bout 

Why can human beings live in 
climates where plants die dur- 
ing the winter? 

Why is cold wixither good for us 
in some wa\ s? 

II tint 

Why is it holiest at the Equator? 

I 2 oS-g 

Material 

What ai’v I he plants of the Tem- 
perate /.one? 2 igO 
How arc plants fitted for e.xtreme 
weainer conditions? 2 ■ 203-7 
How does the length of the day 
affect plant growth? 2-223 

A ctiidtii. s 

PROJEC T NO. 2: Collect and 
mount nhotographs of activities 
in yiuir neighborhood during dif- 
ferent season^ 

Statement 

lerntierate and polar regions re- 
ceive the slanted and less intense 
rays of the .sun. 
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When you eat an orange on a snowy day in winter, 
do you ever stop to picture the beautiful sunny orchard 
prhere it blossomed and grew and ripened? Here is 


such a grove in California, with the oranges ready for 
gathering. And yet, in spite of its warmth, there are 
snows only a few miles away, on the mountains. 


SUMMER HEAT and WINTER COLD 

How the Heat and Cold Are Dealt Out over the Earth, and 
How We Manage to Measure Them 


■^LL the warmth on the surface of the 
earth comes from the sun, except a 
very little that filters out from the 
earth’s hot interior. But stranjrely enough, 
this does not mean that llie nearer we get 
to the sun, the hotter we are. On the con- 
trary, as we go up into the i\\v we get colder 
and colder. Only a mile alun’c the earth 
the weather is freezing on the lu>ttest siiinnn . 
day; and aviators who have llown some eight 
miles up find the cold unhearahle. I’^ven on 
the surface of the earth high mountains arc 
topped with snowthc whole year long. 

Of course it all sounds like a contradiction. 
If the sun gives us our heat, why should wc 


get colder and colder as wc get nearer to 
him? Because as long as we stay close to 
the earth, we arc lucked in with a soft blanket 
of air which, like a downy coverlet, holds 
the w\armth in. The sun’s hot rays warm 
the earth and also the air around it. But the 
air loses its heat faster than the earth does, 
because it is so much less solid. As it cools, 
however, it keeps receiving heat from the 
warmer earth, ami so is kept at a more or 
loss even temperature. Most of the heat in 
the air comes, then, not directly from the 
sun but from the earth. So the farther away 
wc go from oUl Mother Earth, the colder we 
grow. High mountain tops are always snow- 
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You can see for yourself that the flashlights are the large surface. That is exactly what happens to rays 

same sire and give the same amount of light. But falling on the earth from the sun. Those reaching 

the rays from the one in our boy*s left hand fall directly the part of the earth toward the poles are distributed 
on the surface of the sphere and so light a much over a great deal more surface than those that strike 

smaller area than those from the right-hand flash- the Equator, so they cannot heat the earth nearly so 

light, whose rays fall slantingly and so spread over a much. That is why the climate is so hot at the Equator. 


clad because the air there is too ihin to hold 
the heat in. 

The sun’s heat comes to us in rays that 
are much like light rays, but with two great 
differences: our eyes can sec the light rays 
but not the heat rays, while our bodies can 
feel the heat rays readily but the light rays 
almost not at all. lioth heat and light travel 
at the same rate of speed ami arc distributed 
over the earth in the same way, according 
as the earth is tilted uiifler the rays of the sun. 

^"ou sec, the earth is wrapi)ed in a great 
blanket of air some two hundred miles thick. 
Heat waves from the sun must pierce this 
envelope before they reach the ground; and 
of course as they travel through it, the air 
steals some of their warmth. 

How the Air Steals the Heat 

Now if you were to thrust a red-hot poker 
Straight through a piece of ice, you would 


expect the poker to be a goo*! ileal colder 
when you pulled it out. It would have given 
off some of its heat to the ice - - or, as we com- 
monly put it, the i('C Avould have cooled the 
[)oker. Hut sup})osc, instead of thrusting 
the poker straight through the ire, you pul 
it through slantwise. It will have to pass 
through a gtiod deal more ice than when it 
went straight through. So naturally it will 
be cooled still more. 

Why It Is So Hot at the Equator 

This is e.vactly what happens to a sunbeam 
passing through the air to reach the earth. 
When it falls from straight overhead, the 
two hundred miles of air cool it to a certain 
extent, but nowhere near so much as when 
the ray has to travel slantingly to the earth. 
So at the Equator the direct rays of the sun 
at midday are always hot, but as one goes 
toward the Poles they arc always more and 





surface 
\ ou \Nill re 
ni c ni 1) c r 
I h a I t h 
same thing 
is true of 


r lt is not that anything has happened to the 
flashlight in the right-hand picture. It is 
only that its rays fall slantingly on the fence 
and so are spread over a oval patch, 
instead of striking dir*»#‘tlv and being con- 
centrated on a small surface. The same thing happens when you do not di- 
rect the rays of a burning glass directly on a paper; they are too weak to start 
a fire. And that is just what happens on our globe. Near the Equator the sun’s 
rays strike almost directly, and so seem very hot. But on account of the curve 
of the earth, they stnke slantingly on most of North America; and the farther 
north you go, the weaker they seem. You can see on this map how little sun- 
light Alaska gets in comparison with Northern Brazil. 


the light rays. 

You will have no trouble proving all thi< 
with a burning gla.ss. A common reading 
glass will do. Throw the sun’.s rays directly 
on a sheet of ^^hite paper. 'Fry to make the 
circle of light as small and as clear as you 
can. It will not take long to set the ]>a]>er 
on fire, for you are directing the hunbeams 
straight at the paper. 

Why the Arctic Regions Are Cold 

Now turn the jiaper at an angle, so that 
the ray from the glass falls slantingly on it. 
You will sec that the circle of light is sjwea 
out over a great deal more pa]H*r and that 
it lakes much longer to start a llame. I his 
is exactly what happens to sunbeams on the 
earth. Over a square mile on the Kquator, 
where they fall from straight overhead, their 
heat is great. But let tl^em strike somewhere 


half t)f ll..* globe - is lilte<l away from the 
.sun. The > ys that fall over a square mile 
in summer arc now spread over a good deal 
more Ih in a square mile. Naturally they 
do not heat the earth anywhere near so much. 

All this is what gives us our c.xciting va- 
riety of seasons, without which life would 
seem so much more monotonous. Whenever 
the people north of the Kquator are tilted 
toward the sun, and so get his rays from high 
uj) in the heavens during more than twelve 
hours of the da;., they are having spring or 
summer. And whenever they are tilted 
away from him and so see him low in the 
sky for only a few' hours a day, they are 
having autumn or winter. 

As the nights grow' longer and the days 
shorter, earth and air lose more heat than 
they get from the sun. So the air grows 
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sharper and sharper and the ground freezes 
solid. Oji December 21st, winter begins. 
Streams and ponds put on a stout overcoat 
of ice and all green things go sound asleep. 
Then we may prepare for many a sharp nip, 
cs])ccially if a cold wave comes riding in 
on a blast from Northwestern Canada, 
where most of our cold waves seem to come 
from. The thermometer falls rapidly toward 
zero in the northern part of the United States 
and sometimes goes far below. Even Texas 
and Florida may be nipped by frosts. 

The coldest places in the country are in 


time to heat it up again; and when it is 
thoroughly hot— as it is, say, in August- it 
takes a long time for it to cool off. 

But as the sun mounts higher and higher 
in the sky and smiles on the earth longer 
and longer every day, his rays finally con 
quer Jack Frost. On the 21st of March 
spring comes in and days begin to get longer 
than nights. Now the sun gives the chilly 
earth more heat than the nights can steal 
away. Streams are breathing again, the 
snow has slunk out of sight, and grass and 
flowers and trees awake. At last, on June 






As the earth travels around 
the sun it is sometimes tilted 
one way and sometimes an- 
other with relation to the 
sun. That means that some- 
times one part of the earth 
and sometimes another is 
getting the full force of the 
sun's rays. The picture at 
the left shows, in the shaded i 
band, what is the hottest 
part of the earth when the 
North Pole is tilted away 
from the sun. The “heat 
belt" then lies well to the 
south. But as the earth 
swings round the sun, the 
Northern Hemisphere comes 
in for its share of sunlight. 

North Dakota and Montana. At Then the heat belt moves jist, summer comes in to sla> 
Devils Lake, North Dakota, the ^uhe?i^ht.^ shown enougii 


Devils Lake, North Dakota, the at thi 

average temperature for January 
is le.ss than above zero; and at Poplar 
River, Montana, the tcmj)craUire may go 
as low as 07® below zero. But in Northern 
Siberia is a little village that would se<5m 
to hold the record — at Verkhoyansk it can 
get as cold as 90.4® below zero. 

Why We Are Well When It’s Cold 


right. the Sun is high enough 

to keep the earth from cooling off 
When he begins to lose the contest on tin* 
2ist of Seplemi)er, aulumn’d^egins. Some' 
times there is a short warm spell that ue 
know as Indian summer, so named, stime 
people .say, from the fact that the Indians, 
who cared more for the hunt than for the 
drudgery of farming, left their croj)S to be 
gathcre<l during those few la.st warm days. 


Although nearly every cold wave bring.s 
the news of people frozen to death, the biting 
wind really carries health and energy to 
most of us. It whisks away dust and smoke, 
blows the stale air out of all the corners, and 
sweeps everything clean. 

As a matter of fact the cold lasts for a 
long lime after the sun has faced about at 
the winter solstice and is climbing up the 
sky again. It is hard to realize that on 
February 20th he is sending us just as much 
heat as on the 20th of October, 'fhe dif- 


But autumn nights are always sharp; and 
trees and flowers, done with their labors for 
the year, droi) Uicir seeds and fruits and 
settle downi again for their long nap. And 
in shedfling leaves and pods they give hack 
to the soil ])art of the materials they have 
taken from it as nourishment during the 
growing season. So you sec our good Mother 
Earth never gets old and outworn. 

When a Day and a Night Make a Year 

You will remember wc said that climates 


ference in the tem{>crature of the air on grow colder as one travels toward the Poles, 
those two days is due to the fact that when Let us see if the thermometer bears us out. 
the earth has once cooled off it takes a Jong At Key West, Florida, the average summer 
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This is what our grandparents would probably call “an 
old-fashioned winter,*' perhaps with the comment that 
winters no longer are what they used to be. There 
are even people who are convinced that the Gulf Stream 
is changing its course, and that by swinging inshore it 
will give New York a climate much like that of Palm 


Beach. But none of these speculations must be taken 
seriously. The weather man says that winters are just 
what they always have been -and he knows. Our 
grandparents forget the warm winters and remember 
the cold ones. And a few mild seasons do not prove 
that there never can be cold ones again. 


temperature is F., at New Orleans 8o° F., 
at St. Louis 77° F., at St. Paul 70° F,, and 
at Winnipeg only (>0° F. At the Poles there 
are only two seasons, a warm one and a 
cold one. 'Fhe warm one is a day six months 
long, and the cold one a night of the same 
length. Of course the warm season is noth- 
ing that we should call summer; for near the 
J’oles the ice never melts at all. 'I'he few 
people who defy King Winter and live all 
the year round amid ice and snow' have 
little to eat besides the food they get from 
the sea — fish and blubber, or fat, from 
various sea animals. 

When Is the Growing Season? 

rhe differences of climate have a very 
important effect upon human life. For the 
growth of crops ’depends on the temperature 
of the air and of the soil, and the welfare 


of the people dev>ends upon the growth of 
cro^is. The “growing season” is the time 
betw'een h^‘ last fro.st in si)ring and the 
first one in autumn. On its length and 
warmth depend the kind of crops that are 
raised. Few' crops can thrive when the 
temperature slays below ()o° F. for long at a 
time. In parts of Florida and California 
the growing season lasts all the year round, 
but ove: the greater part of the United 
States it covers about two hundred days. 
In Soul hem Canada it is long enough for a 
bounteous crop of w’heat but not long enough 
for corn. 

Fortunately human beings are more hardy 
than ]>lants. With proper protection they 
can withstand the burning heat of the 
ilesert or the bitterest arctic cold. That is 
one reason why man has been able to conquer 
the earth. 
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Reading LTiiit 

No. 4 


A YARDSTIC^K FOR THK WEATHER 


Xotc: For ha sir in formation 

710 1 ! 014 mi on this pai*c, consult 

the general Imlex, Vol. 7 5. 

I nt ere St i tig 

Ht>w is temperature mea.surtHl? 
I 213 

Who invented the first ihernioni- 
eter? 1-213 

What happens To ihin'^s when 
they are heated? i 21 ^ 

At what temperature does ako- 

Fhings to 

Why is alcohol u^ed in low- 
temperat u re t her mo met ers ? 

How may electricity be u<ed to 


For statistical and current jat ts, 
consult the Richards Year Book 
Index. 

Facts F xgyt ai tied 

hoi freeze? i 213 
What are tht‘ different typt‘s of 
thermometers? i 214 
Does “o’* decrees mean the same 
on all thermometer.s? i 214 
What are the treezin.^ and 1 toil- 
ing: points of water? 1 214 

Fhhik About 

measure temi)eratur(‘''’ 

How is a centij^rade scale deter 
mineeP 


Picture Hunt 


ITow arc the freezing and boil in*? 
points <»n a thermometer estab- 
lished? I 214 

How do the scale readiii«:s on a 

Related 

What is the effect on plants of 
temperature changes? 2 194.* 
217, 222 

What is the temperature of the 
ocean depths? i h6 

How is temperature affected by 
clouds^ 1 2^7 

What is the temfierature <»f the 
human body? r-393, 2-348 

How are very low temperatures 
measured ? i 213-14 


Fahrenheit therm<uneler com- 
pare with tho'^e on centiizrafle 
thermometers? i ?i4 

Material 

How (k> temperature chaimes 
cause winck? i 227 

What is a metallic thermomcMer 
I 391 

How^ floes ihe W'eather Hnreaii 
recorrl temperatures''' i 274- 
76 

H<iw is ind<H)r tem()erature 1 emu- 
lated? 1 477, 4tSo 

Ilow' are very himh temperatures 
measured? i 21^-14 


Practical A pplications 


Leisure^titne A ctivities 


PROJEC''!' XO. r: Make a CJali- boiling aiifl freezing f>oinls on a 
leo thermometer, i 213. thermometer, i 2 14. 

PROJECT NO. 2: ( heck the 

Stitnfnary Stiitement 

Thermometers measure tern- when heated aiul contract when 
perature, making u.se of the fact cooled, 
that certain substances expand 
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When Nature dresses the world like this, we know no icicle or snowdrift can tell us. And even a chilblain 

that the weather must be cold. But just how cold, or a fro' .1 nose makes a poor thermometer. 


A YARDSTICK for the WEATHER 

It Settles All Our Arguments about the Temperature and 
Tells Us Just How Hot or Cold We Ought to Feel 


OLI)]’\ limes m«‘n bad im 
way of telling bow bot or cold a day 
was. d'bere must bavc been endless 
(lisjiutes on tbe subject \\ben one j)erson 
tbougbt ibe beat was prelly bad and aiiotber 
fell (luile comfortable. 'l^Mlay we do 
have to rely on our b'elings. An imj)arlial 
liltle instrument- ibe ibermomeier, of 
course — tells us just liow warm or cold we 
liave a right to feel. Tt is luirdly in buman 
nature not to lak<“ s:itisfaction in being able 
to say, on some bot July afternoon, “Jt 
was ninety in tbe sbinle on my back ]H)rcb 
just now'!’’ And somcbow we like to read 
in the pa]ier that tbe temperature has been 
tbe low'est in forty years It is silly, perba|)S, 
but ])eople are like that. I'he worse the 
weather is. tbe more they like to Ik I 
about it. So they watch the thermometer 
from <lay to <lay and are happy if they Imd 
that it was colder around their house than 
anywhere else in-town. 

1 'he first thermometer was made nmre 
than three hundred y^ ars ago by the famous 


It. lb. in scientist, (Jalileo (gjil'l-le'o). lie 
bad found out that nearly all substances, 
wbi'tbi'r gas('s, liiiuids, or solids, fill more 
sjiace when they are heated. 'Fhat is, they 
(‘\pand. He noticed, loo, that when he 
beale<l !. -Mid in a glass, both the glass ami 
the lif}ui . expanded, but the liquid more 
tb.in tbe glass. So be made a thermometer 
by us'ng a closed glass tube filled i)artly 
with air and paitly with liquid. Later he 
filled it with alcohol colored red, the ad- 
vantage of alcohol being that it w’ill not 
freeze till it goes down to 162° below' :iero 
rabrenheit. Of course a thermometer that 
freezes easily is useless in very coltl w’cathcr. 

Nowuflays alcohol i.s used in all ther- 
mometers mci nt to register very low tem- 
peratures, and mercury (mur'ku-ri), or 
(juRksilver — a heavy, silvery Iluid — in most 
of the others. For very high temix^ratures 
tlu'imomelers are filled wdth gas. 

Inir scientific e.xperimcnts at high tem- 
peratures electrical thermometers arc also 
used, rherc are tw'o kinds. One makes 
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use of the fact that when two different kinds 
of metal are joined together, an electrical 
current will be set up if the temi)erature is 
changed at the point where they meet. The 
second kind relics on the fact that certain 

metals offer a 
great deal more 
resistance to an 
electrical cur- 
rent if they are 
liealed. 

Tn all ther- 
mometers a 
scale for reading 



takes its name — for “centum” is the Latin 
for “hundred” and “gradus” the Latin for 
“degree.” The freezing point on a centi- 
grade thermometer is marked zero and the 
boiling point loo. The temperature halfway 

Our common thermometers ere made in different ways, 
but the principle on which they are made is very 
simple. First a long tube with a bulb on the end is 
partly filled with a liquid, such as mercury. Of course 
the bulb is much smaller than the one the boy holds 
in his hand, and the tube is much longer. The end 
of the tube is then closed. Next, two points are 
marked off on the wooden or metal scale to which 
the tube is attached. One of these is the point the 
top of the liquid will reach at a temperature of 2xa'^ 
Fahrenheit, or the boiling point of pure water at sea 
level. That temperature is easy to find, for as soon 
as water begins to boil it has reached 212'’. The 
other point to be marked on the 
scale is the level of the top of 
the liquid at the freezing point 
of pure water at sea level, or 32^ 
Fahrenheit. It is the tempera- 
ture at which a cake of ice be- 
gins to melt. Once these two 
points have been found, it is 
simple enough to divide the dis- 
tance between them into the 
proper number of degrees. 


The thermometer on the left has 
the centigrade scale; the one on 
the right, the Fahrenheit. You 
will notice that on the centigrade 
thermometer, the freezing point 
is marked zero and the boiling 
point zoo — and the distance be- 
tween the two is marked off into 
a hundred degrees. But on the 
Fahrenheit thermometer the 
freezing point is marked 32 and 
the boiling point 212; and the 
distance between them is marked 
off into z8o degrees. But the ac- 
tual temperature of the freezing or boiling point is of 
course always the same, no matter what you may call it. 


between the two would be at 50 on the scale, 
and would be written “50° Centigrade.” 

Another scale, first laid out in 1720 by a 
German scientist named Gabriel Fahren- 


changes in temperature is marked alongside 
the glass tube on a strip of metal, wood, or 
china. 

What Is Zero? 

There are different kinds of .scales for 
reading temperature. Scientists and the 
people of most European countries use what 
is called the centigrade (sen'tl-grad) ther- 
mometer. On it the space between the 
freezing point and the boiling point is divided 
into a hundred parts — or degrees. Indeed, 
it is from that fact that the thermometer 


heit (fa'rcii-hit), has for its zero the tem- 
perature of a mixture of equal parts of snow 
and salt. For the other end of his scale 
Fahrenheit took the tcmi)eraturc of the 
human body; and he divided the space 
between into ninety-six degrees. As it 
works out on our ])resent Fahrenheit ther- 
mometer, the freezing yxiint is at 32° and 
the boiling point at 212® — ^wilh 180® be- 
tween the two, instead of 100®, as on a 
centigrade thermometer. This is the scale 
in common use in most English-speaking 
countries. 
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Reading Unit 
No. 5 


AN OCEAN OF AIR 


Note: For basic information 
not found on this page, consult 
the general Index, Vol. 75. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


Interesting Pacts Explained 


What is the source of the 
weather ? i - - 2 1 7 

How far up from the earth’s sur- 
face does the air extend? i— 
217-18 

What is the temperature of the 
air three miles above the 
earth? 1-218 

Where does the stratosphere be- 


gin? 1-218 

Why is the stratosphere a place 
with no weather? 1-218 
What is meant by a vacuum? 

1 218 

What is the stuff we call air? i— 

2 10 

Ho\^ do rivers and streams get 
their supply of water? 1-2 ig 


Phings to Think About 


How do plants maintain our air 
supply ? 

What causes a sunset? 

How is the earth’s w’ater supply 


maintained? 

How do balloons help us to study 
the upper atmosphere? 


Related Material 


What is the work of the I’^nited 
States Weather Bureau? i- 

275-78 

What w'ere weather conditions 
like in prehistoric times? i * 
196 

How is air used in an automobile? 
10 2 83 -84 

Does air conduct electricity? i- 

514 


How does the purity of air affect 
plants? 2-50 

How does air affect the transmis- 
sion of light? 1-424-26, 427, 

431 

How air resistance cause an 

airpime to rise? 10—315 
How fast does sound travel 
through air? 1-445-46 


Practical Applications 

How is the stratosphere explored? lack of oxygen at high alti- 

1-216-18 tudc.s? T-2 18-19 

How can explorers overcome the 


L. eis u re^ti m e A cti oi ti es 

PROJECT NO. I : Learn how to PROJECT NO. 2: Learn how 

show the presence of moistui in to see the dust in the air, 1-219- 

the air, 1-2 19. 20. 

Summary Statement 

The blanket of air around the nitrogen, water vapor, carbon di- 
earth ’ is composed of oxygen, oxide, rare gases, and dust. 
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GeoTKe Grant Photo, courtosy of tho National Park Service 


It is hard to believe that these giant California red- draw from the soil. But that is. the fact. With the 

woods depend more on sun, air, and water to build help of light, plants can combine water with carbon 

their huge bulk than they do on the nutrients they dioiide from the air and so make stems and leaves. 
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riiulu AtiKtiiMii M iisiMiiii til Niiiuial Jlisitj’ y 

All of the feathery blanket that has tucked in this 
little Canadian cabin and loaded the shrubs and trees 
fell down out of the air. But before it began to de* 


scend, there was not a flake of it to be seen -there 
was only a cloudy sky overhead. Where, then, did 
all those tons of white stuff come from? 


An OCEAN of AIR 

Floating in a Thin Substance That We Cannot See, 
We Get All Our Weather from It 


NK of the inosl ;iina/.ing things in the 
world is air. Il is all around us. We 
hrealhe it, we walk in it, we tly in it; 
it is spread all through our bodies - in all 
their liny ereviees and the weij^ht of tlani- 
sands of pounds of il bears down ui)on us 
every instant of our lives. And yet we ran 
neither see it nor smell it nor feel its weight! 
If it were not for eertain things it <loes we 
should not know that it \Nas there at all. 
We see the tossing trees and fetd an invisinle 
something that buffets us about, and we 
say it is the wind. Hut ^^ind itself is as 
harrl to see as fairies are. 

It is out of this magical blanket, resting 
on us so softly, that all our weather conies. 


VndiM" I lie tireless action of the sun all the 
amazing varieties of hot ami ctild and moist 
and <lry, of bree/e and calm and tcmiiest, 
are combined. The air and its moisture 
are like the steam in a mighty engine which 
manufactures weather in twenty-four-hour 
.shifts, ami the sun is the furnace that heals 
the '^it'.im. but .so many are the various 
forc(*s in the engine that the weather of no 
two years is ever exactly alike. Most of our 
weather is maile in the lro[)osphere (trb'po- 
.sfer), the stormy layer of air just above the 
shallow' one in which life exists. We do not 
know just how’ high up the air reaches; 
probably from two to four hundred miles, 
though traces of it may extend out tw'o thou- 
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sand miles in space. Of course there is no 
definite limit; the air just fades away to 
nothing. As soon as we start upward, it 
gets colder and thinner. If we were starting 
for a winter trip to the moon, we should 
find that when we got up about three miles 
the air would be down to zero P'ahrenheit, 
and a good deal thinner than on the earth; 



Here is a recipe for making a shower. Take one good 
s^rong sun and place it over an ocean. At once its 
heat will set to work turning the water into vapor— 
or, as we say, evaporating it. The rising vapor is 
shown by the white column in the left-hand picture. 
IVow take a good-sized column of smoke and blow it 
over the sea into your water vapor. Be sure to do 
this at a high enough elevation for your rising vapor 
to be somewhat cooled. Ifow you can watch your 
water vapor condense in tiny droplets around the Uttle 
solid particles in the cloud of smoke. You will have 
an active rain cloud, which will soon begin to drop its 
moisture as it drifts in over the land. Of course 
showers are made under many differing circumstances, 

but it is always the same principle at work. 

and at six or seven miles it would be so thin 
that we could not live in it unle.ss we took 
along a supply of oxygen. Seven or eight 
miles up the temperature would be around 
seventy-five degrees below zero Fahrenheit, 
for it drops about fifteen degrees for every 
mile we rise. 

Secrets Brought Down in Balloons 

But here there would come a change! 
We should find ourselves in the second of 
the great layers of atmosphere. It is called 
the stratosphere (stra't6-sfcr). We know 
very little about it, for men have never 
a.scended more than 13.7 miles. But V-2 


rockets carrying instruments have gone ‘lar 
above the earth — as high as seventy-five 
miles — and on coming down again have 
told some very interesting tales. Among 
other things they have reported that the 
temperature there stays at about .seventy- 
five degrees below zero all through the 
stratosphere, and that the air some twenty- 
five miles above the ground is probably only 
about one three-thousandth as dense as at 
sea level. Here are no storms —no ‘ Vcalher” 
in our sense of the term, though there is a 
shallow layer of very moist air. The winds 
blow so gently as not to count. 

Of the still higher levels the rockets re- 



port amazing things. The air is so thin as 
almost not to exist. Yet we know that air 
is there, for meteors take lire from rubbing 
through it on their swift llighl to earth. 
And thin as it is, there is enough of it to 
carry heavy charges of electricity, for the 
“northern lights,” which arc really an elec- 
trical display, mount high into these distant 
levels. Thirty miles up the rockets enter 
a zone of terrific heat, where for ten miles 
the temperature reaches 170°. Then comes 
another cold zone, where, at levels between 
the forty and fifty mile marks, the temper- 
ature probably goes as low as 150® below 
zero. On top of this layer is another zone 
of great heat—as high as 638®. It extends 
up at least seventy-five miles. 
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The air is a mixture of certain substances 
that we call gases, and gases are the lightest 
and thinnest forms of matter. Jf you should 
separate any hundred cubic feet of air into 
its various parts, you would get seventy- 
eight cubic feet of a gas called nitrogen 
(nl'tro-jeii) and twenty-one of oxygen (dk'sf- 
j5n). The one cubic foot that would be left 
would be made up of what arc called the 
argon gases and certain other substances - 
water vapor, carbon 
dioxide (di-6k'sld), 
dust, and ozone. Al- 
though these last are 
so small a ]):irt of the 
air, neither ] dan Is 
nor animals could 
live without them. 

If you find it hard 
to believe that the 
air contains mois- 
ture- tiny particles 
of water that we call 
water va[«'»- watch 
a pitcher of ice water 
that has been * 

brought into the 
riH)m on a hot 

day, when the ^ ^ j] 

air seems quite • * n 

dry with the ^ ZdM a 

heat. In less 
time than it 

takes to tell, the ^ 

pitcher will be > 

covered with tine 
beads <if water. 

'I'hese have not 

come from insitlc the pitcher, for none of the 
water can possibly leak through it. They 
have all come out of the air. 

The water vapor in the air cannot be seen, 
but normal outdoor air is almost never 
without it. It is drawm up from the sea, 
from lakes and rivers and brooks, from the 
washing on the line, and from the breath of 
men. Wherever moisture is found, it is 
being taken up into the air. If you hang up 
a damp cloth it will soon get dry; the water 
in it has turned into vai>or, or “evaporated.” 

But sometime the water will all come back 
to earth again, in the form of rain or hail 


or snow or dew\ For every drop of moisture 
that the earth gives to the air it always gets 
back again. The air merely serves to scatter 
the water over the surface of the earth. If 
it dkl not do so, nothing but the ocean would 
be wet, and every inch of land in the world 
wouUl be desert. It is onl}' the air that can 
draw up the water out of the ocean and 
sprinkle it over the land— thus making the 
streams and rivers that carry it down to the 
.sea again. 

Carbon dioxide is even 
more mysterious than 
water vapor. It forms 
only three ten-thou- 
sandths of the air, and 
yet without that tiny 
fraction of it none of tht 
jdants could live. It is 
what they breathe. And 
if all the j)Iants should 
die, what would become 
of man and all the other 
animals? Carbon diox- 
ide comes from fires and 
from the breath of ani- 

If you find it hard to be- mals; yet all the fircs 
Ueve that the air is full i ii .1 in 

of dust, just darken the animals in 

room and look at the ray the world do not seem 
of light coming in through 4 * 

the keyhole. It will be greatly to increase its 

full of tii^ dancing par- quant it V. For the plants 
tides. Now moisture, ^ ,■ ^ 1 ir 

when it condenses, al- s^re aUvays at work. M 
ways forms into tiny jj- 

drops around one or i r , . 

more of those little par- should die of the poisons 
tides or on .'ome other • hrp'ilh 

solid substi^u^e. In our breatli. 

picture it is condensing Ozone is still more 

mysterious. Not a great 
pitcher seems to sweat. is known about it, 

came from inside the except that it IS a very 
pitcher; was all in powerful and active 

form of oxygen. There 
is only a very little of it in the air, though 
sometimes a sharp thunderstorm will set free 
enough for one to be able to smell it. Some 
people say it reminds them of a faint smell 
of horse-radish; others think it is more like 
ammonia or burning sulphur. 

There is still one other thing that helps 
to make the atmosphere — the humble and 
ever-present dust. Surely this is the last 
thing that one would ever take to be beauti- 
ful or useful. But there is a great deal of 


room and look at the ray 
of light coming in through 
the keyhole. It will be 
full of tiny dancing par- 
tides. Now moisture, 
when it condenses, al- 


more of those little par- 
ticles or on .'ome other 
solid substi>u'e. In our 
picture it is condensing 


pitcher seems to sweat. 
But none of the water 
came from inside the 
pitcher; it was all in 
the air. 


is only 
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(lust in the air besides the kind that has to 
be cleaned off tables and chairs — there is a 
soft, floating dust so line that we cannot see 
it. And if it were not for this unseen powder 
we should never have rain or bright sunsets. 
For the gorgeous colors of the sunset are 
made by the rays of the sun as they tint the 
particles floating in the air; and as for the 
rain, wc are going to find out a little later 
that every drop of it forms on a tiny core of 
floating dust. Even our skies would be less 
blue without the dust. For the tiny par- 
ticles in the air — dust and moisture and 
atoms of gas — are what keep us from seeing 
the sky as it really is — a vault of inky black 
with stars and sun scattered over it! That 
is what the sky looks like on th< moon, 
where there is no atmosphere; but on the 
earth the air spreads all of the rays of light 
that are constantly passing through it and 
sorts out the blue ones uj) in the sky. This 
is what gives us the azure dome of a summer’s 
day and the soft, deep blue of midnight. 

Dust is always in the air, even in the high, 
thin air above the clouds. If you let a liny 
ray of sunlight into a dark room, you can 
sec its shining })ath like a thin streak of 
gray light. What you arc really seeing is the 
j' ‘lection of the sunlight on millions and 
millions of tiny bits of dust always floating 
in the air — little particles of ash and un- 
burned fuel that have risen in the form of 
smoke. They come from millions of chim- 
neys and from forest and jDrairie fires. 
Wherever anything burns, it must give off 
fine particles of dust in smoke. Tl is dust 
in the air that makes tho.se long, slanting 
rays that sometimes lead, like shining paths, 


from the earth u[) to the sunset. People 
used to say that the sun was “drawing 
water.” We know now that the sunbeams, 
piercing through a rift in the clouds, are 
reflected by all the liny particles in the air, 
just as when they find their way into a 
dark room througJi a narrow slit in the 
blind. 

Hut long before there were chimneys, 
long before man had a fire, there were gentle 
summer rains and beautiful sunsets. Where 
did dust come from then? It came from 
fuming volcanoes atid from burning meteors, 
those bits of metal and rock that, plunging 
through the sky, get caught in our at- 
mosphere and are burned by the heat they 
make in rushing through it. Even now 
more dust may be shot into the air by vol- 
canoes than from all the chimneys and fires 
in the world. For a volcano often sends a 
cloud of dust as high as twenty miles, where 
it hangs sometimes for months and may be 
slowly wafted all the wa\' round the world. 
Sometimes the dust is so thick and is s[)read 
so widely that it changes for a lime the 
whole climate of the lands from which it 
shuts off the warmth of the sun. They 
turn cold even in summer. In i8i6, after 
great volcanic eruptions in other i)arls of 
the world, snow fell and the temperature 
went below freezing every memth of the 
year in Vermont. 

Of all the substances in the air, water 
vapor and dust have the most to do with 
the weather. Hut b(*fore we can find out 
why this is so, we must make the acquaint- 
ance of those rude but jolly weather carriers 
— the winds 



riiouj Ity II. K Ziinni<*rTiiiiti 

Strange things take place in the air, such as the forma- 
tion of whirling funnels like *his one. 
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Heading Unit 
No. 6 


WHAT MAKES THE WINI> BLOW 


yotv: For {tasic information 
not found on this paf^r, consult 
the general Index, Vol, 75. 

interestinfl t 
What is the wind? i 222 
What makes the wind hlnw? i— 
222 

W'hat is meant l)y an “ii|Mlraft"? 

I 222-21 

In what dirertions do winds l7h)\v 
from the Ktjiiator? i 223 
What does the spinning? earth do 

T hi nits to 

How may heat produce “up- 
ha ft s’? 

Why do winds tentl to blow away 
from the Ketuator''' 

Hf)W' do the trade winds affect 


F or statistical and current facts, 
consult the Richards Year Book 
Index. 

'acts Explained 
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What arc the trade winds? i— 

225 

Why is S[)ain warmer than Xew 
Vork'** I 225 

What is meant by the “horse lat- 
itudes"? 1--225 

'riiink Ahot€t 
weather? 

Why do we find areas of calm air 
aioni^ the 'Tropic of C'ancer 
and the Tropic of Capricorn? 
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How' arc seeds and fruits carried 
by the wdnd? 2- 210-12 
H»nv is pollen distributed by the 
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the wind? i 352 
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bodies of air, heated by the sun. 
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WHAT MAKES the WIND BLOW? 

How the Great Currents in the Air Have Helped to Make 
Our Climate and Our History 


0 HAT is the wind? Of course we know at varyinj 
well enough how it behaves. We imp(^rtan 
have seen all kinds of winds, from a changes ( 
little breeze barely strong enough to flutter storms, a 
a thistledown to blasts that snatch away by the wi 
our hats and send us chasing half a block And wl 
to get them back. There are even tornadoes 'J'he an 
strong enough to pick up a house. But sun that i 
this boisterous, powerful fellow no one has Perhaj) 
ever seen, for he is made of nothing but air. is to watt 
He is the roving at mos- The smo] 
phere. Winds are riv- this way 
\ ers of air 

V that flow shore could sing, 

1 ‘‘Whichever way the 


at varying rates of speed. And they are very 
important. They l)ring us nearly all our 
changes of weather. Spring rains, summer 
storms, and winter blizzards arc all brought 
by the winds. 

And what is it makes the winds? 

'i'he answer is quite surprising. Ft is the 
sun that makes the winds. 

Perhajis the easiest way to understand it 
is to watch the smoke from a lightefl rnalch. 
'File smoke rises steaflily upward, curving 
this way and that but always mounting. 
10 lived on Tl cannot do anything else, for 




that flow s^re could sing, the llame has heated the air, and 

along ovt*r wind doth blow, my heart nir that IS heated expands or 

the earth the’'b™vi* d“y» spreads .nil. rhismakesitlighlcr, 

K he buccaneers because it is thinner than it was 

Id it heate,l. N.,w a l.it 

tn left nothing of lighter air with heavier air all 

ar” anmn.l il ls forced t.. rise. The 

hea,vier air sciuee/es it up by 
flowing under it from every side. Warm 
air can no more kt^ej) from rising if there 
is cooler air around it than 
Ny a cork can keep from coming 

Si VV. toi) of a i)ail 
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Such upward currents of air as we see 
when a match is burned and the warm air 
carries the smoke up are known as “up- 
drafts.” Most of the movements of the 
air in the great outdoors are caused in 









south on either side, the sun's rays strike 
with less power and the air is a good deal 
cooler. So the hotter air along the Equator 
constantly “boils” upward, forced up by the 
c(K)ler, heavier air that is crowding it from 
north and south. This cooler air, in its 
tum, is warmed by the burning sun, and is 
forced up by still more cool air; and so a 
current is kept constantly flowing from the 
cooler Temperate Zones toward the Equator. 
'I’he heated air that boils up flows away to 
north and south and finally sinks to earth 
again, when it has been thoroughly chilled. 
'I hen it once more begins its journey toward 
the Equator, joining the procession of winds 
that arc steadily marching there, drawn 
by the constant rising of the air where the 
sun is hottest. So it is the rising of over- 
heated air that makes the wind start blowing. 

Blit strangely enough, those winds that 



It may lu.w to you at times ' 

that whenever there was anything / 

strange about the climate of a country, ; 

it was always safe to say that the Gulf 

Stream was responsible. Row the 

Gulf Stream cannot account for every- 

thing, but it docs bring about some 

remarkable conditions. Above is a map » 

with the arrows showing the course of ^ 

the Gulf Stream through the Atlantic ^ ^ 

Ocean. At the right is a similar map 

showing the course of its twin, the t 

Japan Current, which drifts down our . 

western coast. Both currents begin k 

in the warm waters near the Equator I 

and end in the cold waters of the north. S ' ’V 

just this way— by the rising of 1 

air that has been warmed by 

the sun and the flowing of cold 

air into the place where the warm air has 

been. 

Where the Wind Begins 

Have you ever watched water boil in a 
large pan? Wherever the llame touched 
the bottom of the j)an, the water bubbled 
up fast; but if there were places around the 
edge where the flame did not reach the 
water there was fairly quiet. Now this is 
very much what happens to the air under 
the rays of the sun. All along the Equator, 
where the sun. is straight overhead, the 
ground is highly heated, and in turn heats 
the air over it. But farther north and 








flow in from north and south, to rise in a 
fountain over the Ecpiator, really flow from 
northeast above the Equator and southeast 
below it. If you were given time you might 
vcr>" well guess why this is. But we shall 
save you the effort. Their path is swerved 
to one side by the whirling of the earth. 

It is true that the earth as it turns carries 
its atmosplicic around with it— as much a 
part of it as the Rocky Mountains are. 
But it is also true that around the middle 
of the globe any given spot on the surface 
has to travel a good deal faster than a spot 
that is nearer the Poles; it has farther to go 
on its way around the earth’s axis. Now 
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the winds that seek the JOquator start from 
regions where they do not have to turn very 
fast to keep up with the earth. Conse- 
quently, as they move northward and south- 
ward they are passing into new regions 
where the ground is wheeling faster and 
faster beneath them. The result you may 
clearly see for yourself. They have no way 
of picking up enough speed to kcei> pace 
with the more rajud turn of the earth’s 
surface, so the land has to rush by while 
they maintain their steady march toward 
the Equator. 'Fhe result is that their ])ath 
on the earth is swerved from straight north 
and south towarrl the west, for the earth is 
spinning eastward under them. 

What Are the Trade Winds? 

Those winds blow steadily all the year 
round at an average of about tw^elve miles 
an hour; of old, in the days of sailing vessels, 
they used to be of great use to shij)ping. 
Because they kc]3t such a steady course, 
they ,..dled ‘‘trade winds’^ — for the 

old meaning of “trade” was ‘^a straight 
])ath.” They could always be relied upon 
to bring a shij3 to port. But they are of 
great imi)<)rtance even to-day, for the 
climate of the world depends mairdy ut>on 
them to distribute the heat and cold. 

Along the line where they meet at the 
Equator and rise in a kind of fountain, 
there is a broad bell of calm, where there 
are no steady bree/es and the rain falls in 
torrents. Almost no single day is without 
its .shower, i'his zone is known as the 
“doldrums,” and u.sed to be a terror to 
sailing vessels, which miglit be caught there 
for weeks on end and remain “as idle as a 
painted ship upon a painted ocean.” i'hough 
steam has freed our ships from such in- 
conveniences, we still have the j)hrase “in 
the doldrums,” meaning “in the dumi)s.” 

On either side of the trade winds there 
is a bnjad belt of winds which blow^ across 
the Temi)crate Zones from w'cst to '^st. 
They arc called the “prevailing westerlies,” 
and in the ‘southern half of the globe, where 
their path lies mostly across the ocean, they 
blow so steadily and swiftly that sailors in 
the olden days calleil them “the roaring 
forties,” since they -wept along parallels of 


latitude in the forties. A vessel coming 
back from the East Indies found it easier 
to round Cape Horn than to sail into the 
teeth of such a gale. 

The winds that sweep from west to east 
in the North Temperate Zone are more or 
less broken up by the unevenness of the 
[and they cover, and so are a good deal 
more variable. Yet in the United States 
the breezes are commonly from the west, 
southwest, or northwest. And it is those 
businesslike wands which, blowing steadily 
off the Atlantic and the warm Gulf Stream 
which crosses it there, give England and 
Westerri Europe their mild, moist climate. 
For though Great Britain is as far north as 
Labrador, snow' rarely stays on the ground 
there more than a few days at a time and 
skating is quite uncommon. And though 
the northern coast of Spain is actually 
farth' . north than New' York City, it has 
so mild a climate that roses bloom there at 
C'hristmas. 

The Horse Latitudes 

Between tlie trade winds and the great 
belt of wind in each of the Temperate Zones 
there are calm spaces, with little or no 
breeze and clear skies. It is here that the 
air which is always boiling up at the Equator 
settles to earth again. In the northern half 
of the globe this belt is called “the calms of 
Cancer,” named for the 'Tropic along which 
it lie^'; .ind in the south it is called “the 
calm.s v'aj)ricorn,” after the Tropic of 
Capricorn. But the sturdy sailors did not 
l)other with such learned names. They 
called those calms “the horse latitudes”! 
For years ago when a sailing vessel carrying 
a cargt> of horses was caught in the calms 
of Cancer on its way dowm to the West 
Indies, tlie horses often had to be thrown 
overboard when w'ater began to run short. 
'Thi t'ld tars never lost a chance to coin a 
viviil phrase. 

Of course, as the sun swings north and 
south in its yearly path, it carries the great 
updraft along the Ecjuator with it. So at 
different limes of the year, the doldrums 
are to be found at different places on the 
earth’s surface, and the trade winds as well. 
They shift back and forth with the sun. 
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Reading Unit 
No. 7 


BLOW, WINDS, BI.OW! 

• 

Note: For basic injormation For statistical and current facts, 

not found on this page, consult consult the Richards Year Book 
the general Index, Vol. 75. Index. 

Interesting Pacts Explained 

What is always happening to the called a cyclone? 1-228 

direction of the wind? 1—227 When is a movement of the wind 
How do the winds tend to blow called a lorniidi)? 1-2 28 

in the North Temperate Zone? What is meant by a “desert si- 
1--227 moon”? I 228 

What causes all the earth's What are typhoons and hurri- 
winds? I 227 canes? 1-230-31 

When is a movement of the wind 

I' kings to Phink About 

How do cyclones form? come from? 

How’ does the air at the seashore What causes the ‘Terror of the 
move at night and in the day- prairies”? 

time? What is the source of the blood- 

Where do most of the weather red rains of Sicily? 

conditions in the United States 

Picture Hunt 

What is a waterspout? 1—230 “twister”? 1-229 

How can one recognize a • 

Related Material 

How does the wind grind Hoi- The hurricane in Galveston, 
land's grain? 6-344, 345, 352 Texas, 1-72 

What makes the winds blow? i— Hurricanes in the West Indies, 7 - 
222-25 64 

Practical Applications 

How have men harnessed the Weather Bureau use the winds 

wind? 1—227-28 to forecast weather? 1—275-78 

How does the United States 

Leisure^titne Activities 

PROJECT NO. I ; Make a sail PROJECT NO. 2 : Make a 
to help in skating, 14-44. glider, 14-47. 

Summary Statement 

The winds carry the weather of destruction of land and loss of 
the earth, often causing great life. 
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In Holland the wind is put to work turning these pic- 
turesque mills, which dot the country everywhere. As 


the great arms whirl round they grind the farmer's 
wheat and do many other odd jobs. 


BLOW, WINDS, BLOW! 

The Breezes That Fan Our Farms and Cities Are Just as 
Useful as Those That Bring the Sailors Home from Sea 


HAT ii monotonous jiljux* the \\o;ul 
would be if we had no winds! No 
gentle bree/e would ever come to 
comfort us on a stilling day. \o boisterous 
blast would ever tumble our clothes, and 
tease us ])y tweaking our hats away or 
blowing umbrellas inside out in the midst 
of a pouring rain. And no gigantic friend, 
with powerful, tireless arms, would turn our 
windmills for us or help us lly our kites. 

Of course the winds all have an uncertain 
tcm]>crl They arc all the while veering 
about; sometimes the weather vane sev...is 
to be the busiest thing in town. But the 
gusty, changeable fellows that whistle around 
our chimneys arc caused by the very same 
force as the great winds of the earth the 
romantic “trade winds’^ and the “roaring 
forties.” All winds, whether they work 


on the M m or sail the ships at sea, are at 
bottom c I used by the ceaseless exchange of 
the heated air at the Equator for the colder 
air of ihe latitudes farther north and south, 
including the Poles. Tt is the never-ending 
contrast of temperatures, all the way from 
the Equator to the Poles, that starts the 
air sweej'ing and swirling along the ground. 

As you know, the winds in the North 
Tem]H*rate Zone blow in general from west 
to east, but insteatl of roaring along at forty 
miles an hour they arc so broken by moun- 
tains and forests and cities that it is only at 
a height of some three miles that they run 
smoothly. Near the ground they are twisted 
and whirled so madly that there is no telling 
where they will be coming from next. 

Now the winds that bring us most of our 
'veather form themselves into vast wheels. 
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which the weather man calls “cyclones.” 
These must not be confused with tornadoes, 
those terrors of the Central United States 
that can destroy a sizable town in a few 
minutes. The real cyclone is a whirl so 


in the way opposite to that in which the 
hands of a clock go, or, as we say, “counter- 
clockwise.” That means that on its eastern 
edge the wind is blowing north and on its 
western edge it is blowing south. The wind 



Photcj by U. is Wfiitttier liur< 

2*-5i**^?i**^®*®“** sandstorm that swept down on it picks up tons of sand that it often carries hundreds 
Midland, Teus. Aa wind passes over a dry country of miles. That is also the cause of the desert simoons. 


vast and so majestic that no one over whom 
it passes would know the wind was turning 
at all. It may be a thousand miles or more 
across, and wherever it passes it distributes 
the weather that it alw'ays carries wTapped 
up in its circling folds. Slow'ly it i)aces along 
from west to east w'ith such a regular motion 
that the weather man can tell, as a rule, just 
where it will go and just about how long it 
will take to get there. In this way he can 
foretell what weather it will deal out at any 
given place. 

Where Do Cyclones Come From? 

In the northern half of the globe such 
cyclones always whirl in the same direction — 


at the toj) of the cyclone blows from the 
east and at the bottom from the west. 
Such are the great whirls that you see on 
any map of the w'calhcr. At their center is 
the w'ord “Low'—thcre aiul to the southeast 
it is usually raining. One after another, 
they frccpicrUly appear from somewhere olT 
the coast of Alaska, follow each other south- 
eastward into the United States, swecj) 
across it in the form of a great curve, and 
travel on out to sea along a path that leads 
northeast. Hot and cold, moist and dry 
weather comes in their wake — especially h\ 
winter. BeUveen them are masses of 
cooler air — known as “anticyclones” and 
marked “High” — where the weather is fine; 
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This is the whirling funnel that sucks up houses and 
trees and men. In Kansas tornadoes have caused 
such loss of life that people have taken to building 
dugouts, like the one. above, in which to take refuge. 
If ever you see a “twister** coming in the southwest 
and you have no dugout near, run as fast as you can 
toward the north or northwest. A tornado’s path usu- 


ally lies from southwest to northeast, and is rarely as 
much as a quarter of a mile wide. When the storm 
strikes, lie down flat on your face, in a depression if 
possible, with your arms stretched out ahead of you. 
In the inset is a picture of a pine board, lo feet by 3 
inches by i inch, which a tornado has driven right 
through a palm tree without breaking the board. 
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in winter the anticyclones bring us our 
cold waves. 

Many of these cyclones cross the North 
Atlantic and go swirling eastward over 
Europe; and the southern half of the globe 
has its own procession of great whirls. 

Typhoons and Hurricanes 

But winds that get started whirling are 
not always so well-behaved as the ones that 
deal out the 
weather over llie 
United States and 
Europe. When 
vast wheels of that 
kind form over 
tropical seas, they 
can work uj) a 
terrific speed and 
bring death to 
many a gallant 
ship. Such are the 
storms that are 
known as ^diiirri- 
canes’’ on the At- 
lantic Ocean; and 
such are the 
ircaded '‘ty- 
phoons” (ti-fdon') 
of the China Sea. 

Hurricanes form- 
ing over the West 
Indies often whirl 
their way, first 
northwest and 
then northeast, 
until they reach 
the southern part 
of the United 
States, where they 
may destroy vil- 
lages, farms, and 
cities. Luckily, the Weather Bureau is able 
to foretell them and warn shipping. 

The Terror of the Prairie 

The most terrible whirlwind of all is the 
tornado. It may well start in much the 
same way as the little eddies of dust that 
spring up in the street on a windy summer^s 
day when two opposite breezes collide and 
start spinning, just as you spin around when 


yf)u collide with a playmate. But a tornado 
forms in the clouds of a thunderstorm, 
where the air gets whirling so fast that it 
forms a gigantic black funnel, the narrow 
end of which finally comes down to earth. 
The top is not often more than half a mile 
wide, and the whirling base that levels 
forest and town is usually only a few rods 
across. 

But the speed of the whirl is tremendous — 
so fast that the 
W’oather man^s in- 
struments cannot 
measure it, though 
he know^s that it 
must soinetimes 
be more than five 
hundred miles an 
hour. No wonticr 
it can twist up 
trees by the roots, 
l>ick up a house 
and si)iri it, and 
crush a steel 
bridge as if it w ere 
made of matches! 
It may drive a 
stiff blade of grass 
into soft wood or 
the bark of a tree, 
and has been 
known to leave 
chickens com- 
])letely ]) lucked. 
Sucking up dust 
anti WTcckage into 
its tube, the whirl- 
ing funnel sweeps 
ahead and leavt'S 
a path of death 
and destruction 
behind it — some- 
times for as much as two hundred miles. 
Early western settlers often had a “dugout” 
in which they ctjuld take refuge when a 
“twister” loomed up on the horizon. 

If a tornado i)asscs over a river or a lake, 
its tube sucks up large quantities of water. 
At sea this is called a waterspout, and it is 
.sometimes powerful enough to destroy small 
vessels. 

In various Darts of the world arc winds 



Photo by Air uf Natural II 

When a '^twister” is formed at sea its funnel sucks up great 
quantities of water, as shown above. If such a waterspout 
hits a small vessel, it may be the end of the little craft. 
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that have developed little trails of their the sea. But it cools more rapidly too. So 
own and have even grown as famous as the <luring the night there comes a time 
gallant trade winds or the swashbuckling when the sea air is warmer and is forced 
^ roaring forties. The ‘‘mistral” (mTs'trril) to rise by the {pressure of colder and 
in Southern k ranee is drawn down from heavier land air. "Fhen the breeze wheels 

the northwest by the rising j- ■ about and goes rushing out 

of warm air over (he arrows show tho diroction . c l 

oi warm air over int ivicdi breeze that springs up in the sea. So the sea breeze is 

terranean and the heated daytime on almost any coast. It is caused a ,].,v nnri lanrl 

1 f c u T4 • by the rising of hot air over the heated ^ orcczt, anci me lanri 

sanrls of the Sahara. It is land, and the consequent flowing in of breeze a night breeze. 

a wind sung by p(>ets and Out in the Rocky Moun- 

woven into the lives of the tains there is a west wind 


people. From a gentle lit- known as the “chinook” 

tie breeze that cools the (chT-ndbk'), supposedly 

weary peasants in sum named from an In- 

mer it can rise to a dian word meaning 

winter’s gale tliat “snow eater.” When 

will bowl a horse it starts to climb the 

over. But it is dry ^ western mountains il 

and bracing, and ' '' 

brings a S[iarkling “ 

Southern Asia has 
its famous “mon- 
soons” (na-.. .'con'), w'hirh 
for six months of the year 
blow from the land out over 
the sea and for six months in As soon as the 

the op|)osile direction. In fact, wols off at 
» ‘ ’ night, a land 

the word monsoon means breeze spungs 

"season,” and the name has SfewlteMsmuch 
been given these winds because slower to change 

they blow with the seasons, than the land is, and so keeps the air above loaded with mois- 

Durimr the wink r, when tlu; it warm long after the land and its air have ture. Then it cools 
, , , , , .1 cooled. As the night advances and the air , , u • u* 

land IS cold, the air above it over the land gets coldei ^nd colder, the on toj) ol the heights 

is drawn seaward l.y the rising Th's^seTs •!=; and drops its vapor 

of warmer air over ihc Indian air flowing out over the sea. m the form ol ram or 


In firt iand cools off at 
lacT, nighty a land 
means breeze spungs 



is drawn seaward l)y the rising 
of warmer air over ihc Indian airflo' 

Ocean, lliis makes a cold, dry 
w'ind. But when the sun is liigh enough to 
heat the land till it is warmer than the sea, 
the wind turns about and begins marching 
inland. It is a dramatic moment — this turn- 
ing of the monsoon — for all the pcoj.dc in 
those hot lands. For the sea w'ind brings 
them rain to grow^ tlieir crops, and so 
carries in its l)o.som life or dcalli for 
India’s crowding millions. 

The same thing haiijicns on a small scale 
every day along nearly all scacoasls. Under 
the rays of the sun the air above the land 
is warmed until .the I'oolcr sea air pushes 
it up and rushes inland for a few' miles. For 
the land is always heated more raiiidly than 


warm sea air is lorcea up » / tne 
cold air beside it. This sets '.:p a cu 
air flowing out over the sea. 


SHOW' . Wlien i t comes 
down the eastern slopes it is a warm, dry 
wind that heats Uie earth and turns broad 
acres that would otherwise be too cold to 
bear crops into the rich farm and grazing 
lands of Alberta, Montana, and Idaho. 
A wind of much the same kind climbs over 
the \lps in Kurope and warms tlie lands 
upon the othe»- side. 

A Wind From the Desert 

There is another dry, warm breeze less 
wTlcomc to the people who feel it. This is 
the famous “sirocco” that blows from off 
the Sahara, carrying a line red dust some- 
times as far north as Sicily. Wlien chilled 



I'hotu by K. Olivif>r 


K sAiidstorm in the desert brings terror to man and covered to keep out the smothering dust. We who live 
"'east. At its approach the camels are made to kneel, beside green fields or on the paved streets of a city, 
and beside them their masters take shelter, with faces have no idea how blinding such a storm can be. 

it gives up its moisture, and sometimes If a north wind shifts to the e?lst you may 
drops blood-red rain — so heavily has it been look out for a cold storm within twenty-four 
loaded with ruddy desert sands! ' hours. South winds arc usually moist, west 

All deserts have fierce dust storms — or winds usually dry and often dusty, and 
simoons (si-mdem') — before which men and northwest winds dry and often cold, 
animals must crouch and turn their backs Our winds can blow^, too, in a good many 
until the fury is past. On the Colorado different moods. A breeze just strong 
Desert they blow sometimes as hard as enough to flutter the leaves of the trees is 
seventy-five miles an hour. A large part of coming at only three to live miles an hour. 
China has been turned into a blooming At thirteen miles an hour it can raise coarse 
garden by terrible winds from off the Gobi dust, and at nineteen rock the tree tops. 
Desert that have made up for their violence Only a strong man can walk in the teeth of 
by scattering fertile desert soil wherever a forty-mile gale; so you can imagine the 
they blow. The “Santa Ana" of Southern power of a wind in New York City that 
California is really the edge of a desert once blew at ninety-six miles an hour, 
sunoon. But no matter where it comes from or 

In the United States a west wind usually what it brings us, the restless wind is one 
brings us fair weather and an cast wind of the most impressive and romantic things 
rain or snow. Sometimes southerly winds in all the outdoor world. How' tame the 
may bring storms, but by no means always, world would seem without it! 
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Reading Unit 
No. 8 


TRAVKI.INCi MOUNTAINS OF THE SKY 

IKotr: For haste information For statistical and current facts ^ 

not found on this pagt\ consult consult the Richards Year Book 
the general Index, VoL. Index. 

Interesting Facts Explained 
How many kinds of clouds are 1-235 

there? i 234-35 At what altitude do we find 

How may clouds help us to clouds? 1-236 

predict the weather? 1-235 What is meant by a cloud’s silver 

What are chiuds composed of? lining? i 236' 

1 235 What kind of cloud is the rain 

W'hat causes beautiful sunsets? maker? 1-236 

r kings to Fhink About 

How do clouds serve the earth? Tnc’Ian’s phrase, is 'rain not 

How do clouds f<»rm? 3"et.’ *' 

What is meant by the statement: Why do the loveliest clouds bring 

\ dark cloud is already rain- rain before long? 

ing; a while cloud, in the 

Picture Hunt 

W'hat different kii'^ls of clouds do above an erupting volcano? 

you find here? i 236-37 1-235 

What usually happens in the air 

Related Material 

How has weather intluenced civi- Mountains? 1-255-56 

lization? 1-193-97 How do plants let water vapor 

How may the water in the air escape into the air? 2-51. 53 

cause a rainbow? 1 271 How 1 ;t s nur food supply depend 

M'hat happens to the moisture in upon ; ht clouds in the air? 2— 

the air when winds carrying it 40-46, 49, 53 

are unalile to cross the Rocky 

Prac'tical A pplictitions 

How may the different kinds of How do fruit growers protect 
clouds help us to predict the their plants against frost? i- 

weather? i -235-37 237 

Eeisure~ti»ne Activities 

PROJEC’T XO. r : Watch cloud weather according to the clouds 

formations and see if you can and check your prediction with 

name the different kinds of the daily n«*wspaper and radio 
clouds, I -2^6 -s 7. weather reports, i -236-37. 

PROJEC r N-6. 2: Predict the 

Summary Statement 
The clouds are great reservoirs or snow, 
of moisture that may fall as rain 
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We cannot all of us live in the midst of scenery like this, but 
everyone lives under the sky. The ever-shifting mountains of 
cloud are as beautiful as the most majestic Alps, and the Grand 
Canyon itself cannot vie with the colors in the sunsiet. Someone 
has said that if everyone had to pay a dollar a seat in order to 
see the sky, people would be standing in line for tickets all day 
Idng, and would not feel the price too high. 


TRAVELING MOUNTAINS of the SKY 

The Clouds Are So Light That They Float in the Air, 
and Still They Send Down Tons of Water to Us 




JCKY is the man who has learned to 
look at the clouds. lOver changing, 
always beautiful, they never fail to 
fascinate anyone who will take the pains to 
look skyward. But of course we must know 
something about them if we are to find out 
how interesting they arc. That is always 
the way with things that are really interest- 
ing — and that is the reason why people who 
are wide awake get so much more out of 
life than people with sleepy minds. They 
are not afraid to rummage about among the 
interesting things with which this old world 


of ours is crammed so full. As a result, 
their lives are always full of adventure, 
even if they do not stir more than twenty 
miles from home. 

But clour Is, you will say, are always about 
alike white things that float in the sky and 
sometimes send us a rain! 

There never was a greater mistake. There 
are so many kinds of clouds that over a 
hundred varieties have been classified, and 
each one of them tells the weatherwisc 
person something about the state of the 
weather. That is where the fun comes in! 
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For though the weather man may be very 
useful in forecasting the general conditions 
to cover a large territory, he docs not at tempt 
to tell what the weather will be in any par- 
ticular spot. 

Why We Should Watch the Clouds 

That is where the person who has his 
eyes open and uses his wits can specialize 
on the information given by the ])rofessional 
weather man, and 


or scud along on the wind are really gigantic 
reservoirs to hold the moisture that is going 
to fall as rain or snow sometime. As you 
already know, all outdoor air carries tiny 
particles of moisture that we call water 
vapor; and when the air is chilled, those 
bits of water gather together in larger drop- 
lets — or, as we say, “condense.” When 
water vapor has condensed, we can see it 
floating in the shape of clouds, sparkling 
on the earth as 


can often foretell 
just what is going 
to happen right 
around him in the 
next ten or twelve 
hours. To be sure, 
this kind of skill is 
very much less 
common than it 
used to be, when 
people had no 
Weather Bureau 
and w ':rc iiiore 
dependent upon 
the weather. But 
of course that 



dew', or falling 
from the sky as 
rain or snow. But 
any water that 
falls from the 
heavens has first 
floated in a cloud. 
Or, to put it an- 
other w'ay, it has 
risen from the 
earth as invisible 
water vaj)or in 
some mass of 
warm air that has 
been ]>ushcd up 
by heavier cold 


merely means 
that people nowa- 
days are always 
discussing the 


Photo li> AiiKTirnii Mimruiii of Natiirnl History 


air all around it. 
And when the 
warm air has risen 
far enough to be 


withfinl When a volcano such as this one is in action, it belches forth rhilled in the CoM 
SUDJCCI wiinoul quantities of smoke and dust and steam that, rising into coivi 

really knowing the air, form a cloud above the crater’s mouth. Sometimes Ufipcr atmos- 
O smoke ascends slowly for quite a long time before the actual itc 

much about ll. e,p,osion, and spreads out into the shape oi a gigantic pine tree •nvtstble 

How much more Sbove the crater. And sometimes volcanic Just is blown long water vapor has 
interesting life '^•‘•“'“.“dcauseabeautifulsansetsaUthe^ayroundtheworld. gathered itself 

would be if, instead of alwiiys complaining together — or condensed — into cloud, 

and never finding anything out, we should Now there are four great kinds of clouds, 
put our wits to work and learn to be good each of them easy to recognize and each of 


weather prophets. 


them telling a very clear story of what is 


Let us suppose that w’e are all going to going on up aloft. First of all are the 
look upon the weather as a matter of in- “cirrus” (slr'iis) clouds, those delicate, feath- 
telligent interest — something always at hand ery wisps that are always gleaming white 
to be watched and something in which the and always highest in the sky. They are 
humblest of us may become ex[iert. One named from the Latin word for “curl” or 
of the first things we must learn is to read “wisp.” In extreme cases near the Equator 


the face of the sky. 


What Is a Cloud Made Of? 


they may be as far up as eleven miles. 
Their moisture has condensed into tiny ice 
crystals. Such clouds are very far from 


And that means that we must make ready to send down rain. Indeed, they are 
friends with the clouds. For those (leecy loo lacy to hold the gentlest summer shower, 
white masses that sit lazily on the horizon But they can foretell the w'eather. Moving 
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from the southwest they usually indicate a 
falling teiniKjrature, and moving from the 
northwest they show that the temperature 
will probably rise — and they are the first 
heralds of an on-coming rain. 


sunlight that gives a cloud its silver lining. 

Stratus clouds arc formed when a broad 
layer of air rises into the colder upper levels 
without being disturbed, and in cooling 
condenses its moisture into a blanket that 


How High Are the Clouds? 

Next come the “cumulus*’ (ku'inu-liis) 
clouds, great white masses that look like 
cauliflowers or woolsacks, rounded at the 
top and always in motion. I’heir name is 
well taken from the Latin word for “heap.*’ 
Like snow-capped mountains they often 
tower five miles up in the summer sky. 
Such glistening 


rests peacefully in the sky. Such clouds 
never send us rain unless they are chilled 
yet further. 

It is the “nimbus” (nTm'biis) cloud tliat 
is the rain maker. It is the dark, heavy 
cloud often seen at the base of a ma.ss of 
white thunderheads. At other times it 
moves majestically up over the western 
hori/on until it darkens the .sky and lets fall 
the rain or snow it 


masses arc formed 
by updrafts of 
warm air that chill ^ 
when they get to 

denser and denser i 

more and more ■ 

an mounts. When « 

they rise four or L 

.. , I' lo by n .S Wenthor bureau 

five -and some- ^ ^ 

. . These scenes show what 
limes even eight — a flood esn do when it really 

miles into the air, sete‘o work on the business of 
^ destruction, 

such clouds become 

•'thunderheads” and often bring thunder- 


car rics wrai)pe(l in 
its thick mantle. 

cloud it is usually 

^ in the brewing of 

“rain-storm,” and 
rain is actually falling 
from a nimbus cloud, which is always very 
low. Sometimes wind comes with such 


storms. Finally they break up and drift clouds, but clouds never hold anything but 
away - they are scattered into thin air and moisture. 


their usefulness is over. 

How a Cloud Gets Its Silver Lining 

A third kind is the thin flat cIoikI that 
covers the sky like a ceiling. It is given the 
name of “stratus” (stra'tus) from a [.atin 
word that means “a spreading out.” Clear 
across the sky it stretches, from horizon to 
horizon, and often shuts out the sun com- 
pletely. though sometimes it is so thin that 
we can see his sha[)e through it. Often it is 
spread, in breaking up, over only a part 
of the sky, and then we see it in great 
magnificence reflecting the light at sunset 
from its under side. For it is reflected 


Perhaps you have already noticed that 
the blacker the cloud the more likely it is 
to bring rain. Clouds are light or dark ac- 
cording as the dropk'ts in them are large or 
.small. The larger the drop, the darker the 
cloud — and the nearer it is lo raining. One 
weatherwise man has said, “A dark cloud 
is already raining; a white cloud, in the 
Indian’s yihrase, is Tain— not yet/ ” 

Clouds That Look Like Sheep 

There is another cloud form that wc ought 
to know because of its beauty. It gives us 
what is commonly known as a “mackerel” 
sky — one in which little fleecy clouds four 
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I'liiiUi li> KucL. Isiuiul Ity Co. 

It is a bit hard to tell in this picture just what is moun- 
tain, what ^ ?«id what cloud, for the moisture that 
vill later fall as rain or snow, often floats as a cloud 

or five miles liigh are ranged along the 
heawns like Hocks of sleejnng sheep, all 
lying in even, quiel niws, 'Fhe learned man 
calls them “cirro-cumulus” cIoikN, by whitii 
he means lhal they are c’rrus clouds that 
'have taken the shai)e of small cumulus 
clouds; lhal is, they have arranged ihem- 
st‘lves in lillle “hea])S." 'I'hey make one 
of the loveliest of all skies — and one which 
commonly brings rain before long. E<ldies 
of wind are what lay the cloudlets in such 
even rows. 

\"ot only by bringing our rain and snow 
do the clouds serve us. 'They also help to 
regulate the heat. Jly protecting us, with 
their tiny droplets, from the too-steady 
rays of the sun, they keei) the earth from 
getting over-dry; and by acting as a blanket 
at night, they keci) it from giving otT too 
much of its heat and getting unduly cold. 
All this is of great benelit to growing thir 'S. 

When to Look Out for Frost 

It is the clear nights that are likely to be 
frosty, not the cl^oudy ones. There can be 
no frost or dew on a cloudy night, because 
the clouds do not let the heat escape, and so 


around a mountain top. Of course to the people living 
there it is only fog, for even a dense cloud may seem 
thin, once one is in it. 

the temperature stays too high for frost or 
dew to form. Ilut if the temperature at 
nightfall is below -to® V. and the air is clear 
and still, it is time to protect all the delicate 
things in the garden that you wish to keep 
imharmcrl. The frost usually forms about 
two hours after midnight. Sometimes it 
on grass but not on bushes or trees, for the 
air a fe'- feel from the grouml has not fallen 
below fre^^ 'iiig. On a very cold day we may 
sec frost on the windowpane, even though 
the room is quite warm. Tt has formed 
because the outdoor air is so cold that the 
temperature of the gla.ss falls way below 
freezing and turns the moisture touching it 
into fairylike designs in frost. 

If it is the season of the year when fruit 
is hanging on the trees, the w’eathcr man 
sends out a warning to the fruit growers on 
nights when frost is threatening. To save 
his valuable cio]> the grower then lights fires 
all through his orchards. They burn all 
night, anrl keep the air just warm enough 
so that the fruit can come through in safely. 
But on cloudy nights this is not necessar}-, 
for the clouds keep the warm daytime air 
fnmi escaping into the upper atmosphere. 
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Reading Unit 

No. 9 


WHERE THE RAIN GOMES FROM 

Note: For basic information For statistical and current facts ^ 

not found on this page^ consult consult the Richards Year Book 
the general Index, Vol. ij. Index. 

interesting Pacts Explained 
How does water get into the air? tion point? 1-240 

1—239 ^ What is meant by relative humid- 

How may we increase the amount ity? i— 241 

of water that air will hold? What is fog? 1-242 
1-239-40 What causes fogs on land and on 

W^hen does air reach its satura- sea? 1-242 

Things to Think About 

What is the difference between How much water is necessary to 
rain and dew? form a fog? 

How does humidity affect com- How do dust and electricity help 
fort? produce rain? 

Picture Hunt 

Where wouUl you go if you a cloud? i - J41 

wanted to be able to look Why is therc‘ snow on this moun- 
down on the upper surface of tain top in the tropics? i >42 

Related Material 

How much rain falls each year in How do streams get their supply 
Africa? 5-443-44 of water? 1-48 

How does rainfall affect plants? • What is the yearly rainfall in the 
2 '1 93 tropics? 2-196 

What does rainfall have to do How is humidity measured? i - 
with the plant and animal life 393 

of a region? 5 -444 How do ships navigate in fogs? 

How much rain falls each year in 1-237, 241-42, 407, 10-229 

the United States? 1-89 

Practical Applications 

How is indoor humidity kept at a How does humidity affect health? 
proper level? 1-393, 409, 9- 1-241 

22 

Leisure^tifne Activities 

PROJECT NO. i: Make a rain presence of vapor in the air, i- 
gauge, 14-48. 240. 

PROJECT NO. 2: Show the 

Summary Statement 

The water vapor in the air is denses to form rain, snow, hail, 
constantly renewed by evapora- fog, and dew. 
tion from the earth, and con- 
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Kroiii Kr®d«rip I«wm. photo by Harold M. I^ai 


The tops of these heaped-up cumulus clouds are bright hanging low in the sky, you will see that rain is pouring 
with sun. but if you look at the dark nimbus cloud down from it in great sheets. 

WHERE the RAIN COMES from 

No Matter How Clear the Air, It Always Has Water in It. 
What Brings the Water Down as Rain? 

0 AVE you ever asked yourself where li\’in|r tlirurs — is constantly giving of! water 
the rain comes from? Hie air on a vapor into the air. 

given (lay seems like any other air, Wlien air is warm a good deal more water 
but all at once gallons and gallons of water vapor can enter a given space than when it 
will come tumbling out of it. People tell is cold — at summer temperature five or six 
you it comes from the clouds, but that is a limes as much as at freezing. In a medium- 
puzzling answer. Why did it stay in the sized living room comfortably heated there 
sky at all with nothing to hold it up? would jirobably be some five teacuiifuls of 

The truth of the matter is that there is w^ater. But if the temperature should drop 
always water vajior in the air. Whenever to fuezing, the space could hold only one 
we are outdoors we are breathing a certain teacupful. 

amount of it in and out of our lungs. Tt Now ^vhat would become of the other 
floats in very tiny particles, even above four cupfuls of w’ater? It would have to 
deserts, and reaches upward certainly seven collect on the walls and windows and furni- 
or eight miles. We never know it is there, lure — or, as we say, it would have to con- 
though in heated rooms, where the air is dense. That is what has happened in the 
too dry, we soon feel uncomfortable. Every- cellar on a hot day in summer, when the 
thing moist — oceans, rivers, lakes, and all stone walls are dripping with moisture. The 
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moisture has condensed. It is what hapi>ens 
whenever you bring a glass of ice water into 
the room on a hot day, for the cold water 
cools tlie vapor 
around it so 
much that 
the niois- 
^ lure con- 
% denscs and 
' turns from 
a gas into 
beads of 
water on 



the outside of the 
glass. 

The point at 
which this haj)- 
pens we call the 
‘‘condensation 
point”— for it is 
then that the 
water vapor 
‘condenses. *’ 
When a given 
space has as 
much vapor as it 
can hold without 
dropi)ing it — so 
much that the 
slight esl cooling 
would start con- 
densation — we 
say that the 
vapor is satu- 
rated” (sat'u- 
rat'Cd), or that 
the “humidity” 


does not. It forms in exactly the same way 
as the beads on the glass of ice water. But 
it is not long that men have realized this. 
Until only a little more than a century ago, 
they thought the dew fell from above, and 
accounted for it in various [)oe(ical ways. 
Its ancient names were “star water” and 
“star tears.” Later, people came to believe 
that it was the breath of goddesses- or of 
angels. Now we know it is the breath of 
our own old Mother Karth. For during the 
day Ihe sun draws moisture out of the 
ground, and when night falls and the 
twigs and tlowcrs and grasses grow 
cool, they chill the vapor that touches 
them, sometimes to the ]H)int of con- 
densation. Then the air gives up a 
jxirt of its moisture in delicate beads 
on all the grass and flowers. In thii: 
way the moisture that Mother Karth 
breathed out in the heat of the sun is 
given back to her at night. 

The sight of those 
sparkling jewels is 
th(‘ reward of 

I'fiiWo lo boiiilry 

AU of these pictures 
illustrate water con- 
densing at what we 
call the “dew point,*' 
though of course it is 
only the lowest pic- 
ture of all that shows 
us dew as it has 
formed out of doors 
on a blade of grass. 

The moisture has 
gathered on the outside 
of the pitcher because 

the water inside it was cold 

enough to chill the air around 
the glass. The air in the room 

contained tiny particles of moisture, called water vapor, and when 
the air around the pitcher fell to the right temperature, these tiny 
particles condensed into drops of water on the pitcher. That 
is what makes any pitcher of ice water “sweat** in a warm room ; i - r 
the moisture in the air has condensed upon it. It is the same thing gards arrive after 
that makes moisture gather on the inside of the windowpane on i i 

a winter day, when the glass is cold enough to chill the air near 
it to the “dew point,’* at which the moisture in the air condenses, ready drunk up 
And it is the same thing that makes moisture gather on blades of . ' , . 

grass at night, when the air near the earth grows so cold that its Ugam ail IMC linv 




all who rise 
early. No one 
who has seen 
the fairy I ike 
wheel of a 
frpider’s web 
on a dewy 
morning in 
summer can 
fail lo feel re- 
paid for his hour 
or two of lost 
sleep. For slug- 


— or mo sture— moisture condenses on all the folmge and forms dew. From all this droplets that the 
you can see that real dew never “falls**; it just gathers. . .-n i 

night distilled 


is ioo%, or that 
the vapor is at the “dew point.” We call 
it the dew point because it is then that dew 
forms with the lightest cooling of the air. 
The point at which it occurs de[)ends on the 
amount of moisture in the air. The dew point 
in dry air is much low^er than in damp 
air. 

Rain and snow fall from the sky, but dew 


— water so delicately made that it is the 
purest to be found in nature. In dry weather 
dew' is of enormous value to plants; some- 
times they are forced to rely entirely u]i- 
on it. 

If the surface on which water vajxjr con- 
denses is below the freezing point, we have, 
not ctew, but frost. 
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ijj Kilvvnr'l 

From the top f'* the RCA Building in Rockefeller Cen- 
ter the camera Has caught some of New York’s fa- 
mous skyscrapers as they floated in a sea of low-lying 

Two or three times ;i diiy the weather 
man measures llie “humidity” (hu-mTd'i-tl), 
or tlie “wetness,” of the air. Wlieii he says, 
^for instance, that the humidity is 50^,'^, he 
means that there is just half as much 
moisture ])resenl as there could be at the 
temj)eratiire at which the measurement was 
taken. 

How Humidity Affects Us 

All outdoor air contains moisture. It is 
oidy in our hou.ses in winter that the air 
j^ets nearly dry. Ami that is very unnatural 
and very bad for health, it is one reason 
why people are ill so much more in winter 
than in summer. Tf everyone wouM lake 
pains to see that there is always |)lenty of 
moisture in the air in our homes, we should 
have to spend very much less time in bed 
with colds and inlluenza. 

But if the air is too damp wc are un- 
comfortable, for then jKTSjuration cannot 
evaporate; if the weather is warm we feel 
all the w'armer, and if it is cold w^e feel all 
the more chilly. 

No one will be surprised that the whaler 
vapor in the air has a great <leal to do with 


cloud. At the right is the i, 250-foot Empire State 
Building, tallest m the world. With it as a yardstick 
you may estimate the depth of the cloud. 

the weather. Hut it will be harder to believe 
that dust has just as miuh effect upon it. 
Not the ilust that settles on tables and 
chairs, but a line, invisible powder that is 
everywhere in the atmosphere! The reason 
why dust is .so im|)ortant is that every tiny 
dn>[)!el of water in dew or rain or fog must 
have a . nter to condense on before it can 
form. d'Mf tiny dust particles act as such 
centers, and so do still tinier electrified 
atoms known as “ions” (l'6n). Without 
any of tho.se useful little cores, wt should 
never have dew' or gentle rain, or mist or 
fog or cloud! Our rains w'ould become ter- 
rific downpours, to the great discomfort of 
all growing things. 

How Fog Forms 

'rhough all ^valer vapor must have dust 
or ions to comiense on, it can take a good 
many clilTerent forms, once condensation 
has started. It may turn into rain, hail, 
snow, mist, cloud, fog, frost, and dew. Of 
all these, the one w'c j^robably see oftenest 
is cloud or fog— for they are very much 
alike, though there are certain differences. 
In general, a fog may be described as a cloud 
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that rests on the ground. Its particles of 
vapor are very small — ^fjerhaps two ten- 
thousandths of an inch through. 

How Much Water Is in a Fog? 

Indeed, it is amazing how little water is 
needed to make a fog. A single gallon can 
make a cubic mile of air so dense that all 
commerce is brought to a standstill. A few 
quarts of water spread through the air in 
tiny, invisible specks can paralyze London 
for several days and cause a loss of millions 
of dollars. Of course a city fog is made 
worse by the smoke that gathers in the air. 
The thousands of chimneys that pour forth 
soot are furnishing billions of particles of 
dust on which the drojdels can condense. 
Sometimes all that is needed is a slight fall 
of temperature for the moisture to weave 
a veil behind which towering skyscrai)ers 
look like ghosts and the lights arc misty 
blurs. If the temperature rises, the fog will 
often disappear again, turned back into 
water vapor. If the air gets colder, the fog 
may rain itself away. Jlut the oily smoke 
coats every tiny water particle with a greasy 
film which makes it hard for the particles 
to unite and fall in the form of rain(lroi)s. 

Fogs That Hover over the Sea 

It is at sea that fog is most dangerous. 
There it is the one form of weather that 
man has never conquered. It may blanket 
hundreds of square miles — so densely that 
ships do not know of one another's presence 
until the very moment they collide. Of 
course a ship always blows its great horn in 
a fog — for five seconds every minute. But 


even so, hundreds of Jivfcs are lost in fogs. 
The danger of bitting an iceberg is far 
greater in a fog, and icebergs have no horns 
to blow. To avoid such accidents a vessel 
sometimes takes soundings from time to 
time to find out the temperature of the 
water, for an iceberg cools the ocean round 
it for a short distance. Sometimes a very 
large iceberg will reflect the sound of sharp 
blasts from a siren and in that way show its 
presence. 

Aviators, too, dread a fog. They can soar 
above a low fog, but not above high ones. 
If they try to mount above them, the air 
may grow so cold that particles of water 
freeze to the plane and form a coating of 
ice which adds weight and disturbs the air 
Jlow over the wings, and finally brings the 
plane down. 

Great Fogs of the Grand Banks 

I'og.s at sea come about in a somewhat 
different way from those that form over 
cities. When warm moist air floats over 
currents of cold water, it is chilled and its 
moisture condenses into fog. Over the 
Grand Banks of Newfoundland this is con- 
stantly going on, for moist air from the 
warm Gulf Stream drifts over the cold 
waters brought down by the Arctic currents 
and is rapidly cooled. As a result, all that 
part of the Atlantic Ocean is a perilous place 
for the .ships that go there to fish or pass by 
on their way between America and Northern 
Europe. Many a boat lies at the bottom 
of the sea off the Grand Banks. 

Perhaps some day mankind will learn 
to conquer fog, bul at present we are heljj- 
less before it. 
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Reading Unit 
No. 10 


UP IN A RAIN CLOUD 


Note: For basic information 
not found on this page, consult 
the general Index, Vol. 75. 

Interesting Facts 
When does the moisture of clouds 
turn into rain? 1-245 
What is a raindrop? 1-246 
What is the cause of thunder and 
lightning? 1-246-48 
How fast does thunder travel? 

I 247 

What kind of cloud tends to pro- 
Things to 

How does a raindrop form from 
water vapor in the air? 

How are hailstones formed? 

V\ hat substances permit electric 

What changes does water go 
through in turning from cloud 
to rain? 1—244 


For statistical and current facts 
consult the Richards Year Book 
Index, 

Explained 

duce thunder and lightning? 

1 - 244-47 

Where does lightning tend to 
strike? 1—247-48 
Why are skyscrapers fairly safe 
during an electric storm? i~ 
247-48 

Think About 

current to flow through them 
most readily? 

How does the temperature of ris- 
ing air change? 

How can scientists make rain fall 
when conditions are right? i— 
245. 247, 249 


Picture Hunt 


Related Material 


What form of energy does light- 
ning represent ? 1-340 

What experiments did Franklin 
perform with lightning? 12- 

465, 14-500 

What did h’ranklin invent to pro- 
tect buildings against light- 
ning? 12-465 

What causes an electric spark? 


1-513 

What are conductors and insula- 
tors? 1-247, 514, 10-106 

What is meant by the electron 
theory? 1—499 

How ma- electricity similar to 
lightning be produced? i— 
494, 495. 496 


Practical Applications 

How are tall buildings protected an electric storm in open coun- 

against lightning? 1-248 try? 1-248 

What should a person do during 

Leisure^time Activities 

PROJECT NO. I : Produce a PROJECTT NO. 2 : Estimate how 
cloud from the spout of a kettV far away lightning is being dis- 
of boiling water, 1-244. charged during a thunderstorm. 

Summary Statement 

The chilled water vapor in a snow which fall when they be^ 
cloud (orms drops of water or come heavy enough. 
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Scientists hd •> <«^arned to make ram in these strato- 
cumulus clouds fall when and where it is needed. The 
experimenters Langmuir and Schaefer knew that in 
nature a drop of rain will start with an ice crystal as its 
core or nucleus. This core gathers moisture into snow- 
flakes which fall when they get too heavy for the cloud 
melting into rain as they come down to earth. By 
chance the scientists found that dry ice pure carbon 
dioxide put in the freezer of a refrigerator would cause 
a miniature snowstorm of ice crystals. This gave them 


the idea of using tiny pieces of dry ice to make storms 
in moisture-laden clouds. When clouds like those 
above have piled up in the sky high enough to reach a 
temperature of —38 F. the point at which ice crystals 
form -small pellets, or “seeds,” of dry ice are thinly 
scattered above them. Like the natural crystals, those 
seeds gather up moisture into large snowflakes, which 
finally grow so heavy they fall out of the cloud. As 
they descend through warm, damp air they melt and 
come to earth as rain. 


UP in a RAIN CLOUD 


Where There Are Forces That Will Polish Off a Hailstone 
or Hurl a Great Thunderbolt 


I^mIOTTIER nature has a good many 
I watering her garden, for she 

LiJ is a thrifty old dame and never lets 
even a drop of moisture go to waste. What- 
ever water the warmth of the sun steals 
away from the earth has to be given back 
again whenever the air is chilled enough to 
make the moisture condense and fall. As 
we have already seen, water vapor may con- 
dense into fog and cloud and yet ' ly 
floating in the air, though just how it man- 
ages to do so we cannot always tell. Often, 
of course, the particles are exceedingly 
small, and the -uixlrafts that carried the 
vai)or aloft continue to keep the cloud there. 
But clouds are heavy and lazy, and tend to 


drop fheir moisture whenever they get a 
chance. When this occurs we get rain and 
snow. 

Now any updraft of air is sure to be 
chilled, for as it climbs higher and higher 
there is much less air pressing down upon 
it ami the mounling air has a chance to 
expand or spread out. All gases that 
expand lose .ome of their heat ; so as the 
mounting column of air gets thinner and 
thinner it gets colder and colder. Then, 
too, as it rises it enters levels of air that ar- 
much colder than those near the earth. 
When it reaches the condensation point its 
moisture gathers together into a cloud - 
made up of tiny droplets of moisture, each 
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one with a speck of hne, invisible dust at 
its core. 

How a Raindrop Is Made 

But it is not until the droplets in a cloud 
have grown to raindrops or condensed into 
snowflakes that they are heavy enough to 
fall to the earth. One small droplet joins 
hands with others as it slowly sinks and 
finally gets so heavy ' - 

that even a strong up- ' 
draft cannot stop it. ' » 

Then it comes racing ] : * 

down. The large rain- 
drops that usher in a 
storm may for a mo- J ‘ r 

ment become a quarter , 
of an inch through, 
though as a rule their 
own rapid motion ’ } 

breaks them in their ‘ . ' 

long tumble earthward. ' \ 

An ordinary raindrop is - .i.,* . \ 

less than a tenth of an ‘ f 

inch across. It is when 
billions upon billions of 
such drops fall helter- 
skelter to earth that we 
have a shower. | 

So rain is frequently 
caused by an updraft of 
air which cools when it 
gets high above the 
earth and flowers into 
billowy clouds on its 
summit. Sometimes wc 




Photo by U. 8. Wc 


mountains force a wind were struck by light- 

to rise and cool, some- for it does not exist in nature. It is only a trick of niriir? For the most 
oir csmeM. The pictufe is wofth looking st closely, f ' i * «■ 

times cold air pressing however, for the flash t^t is outlined in black is p3-rt, the crowded traffic 

in at the sides starts a distinct than the other one, and shows a citv street dailv 

o.*, sU the dchcato tTSceiy of the dischsrge. 


well watered but the other side much less 
moist. 

In winter it is the great cyclonic whirls 
that distribute moisture over North America. 
But in summer they have less effect. Rain 
then is brought about by the rising and 
chilling of columns of warm air that have 
been heated by the sun-baked earth—and 
those arc what bring us our electric storms. 

v* '" When the rain falls, it 
’ chills the lower layers of 
air as it passes through 
them, so we say that a 
j ' thunderstorm “cools the 

; air.” 

) Have you learned to 

enjoy a thunderstorm? 

V . Many people arc 

;f afraid of one all their 

i. lives long, and never 

’ ^ V know' the thrill of. dc- 

{ ' light that others feel at 

watching one of the 
most magnificent and 
dramatic sights in na- 
ture. Luckily, few of us 
will ever sec the eruj)- 
tion of a volcano or feel 
the terrible power that 
a tornado can l(*t loose, 
but a tfuinderstorm is 
only a little less mag- 
nificent to sec, and is 
really almost harmless 
How' many peojile have 
vou ever known w'ho 


1 f AU U19 ueuwabo MU' 

column of warmer air 
upw’ard. Always, in some way or other, 
before a rain can start, warm moist air 
must have risen and cooled. All this ex- 
plains why cold north winds are likely to 
bring, not rain, but clear weather. They 
are not cooling the warm air that lay over 
the earth to start with — they are driving 
it away. They, would have to be chilled 
yet more themselves before they could shed 
their moisture. And this explains, too, why 
the windward side of mountains is usually 


puts many more lives in 
danger than all the storms that pass over a 
spot during the course of a lifetime. 

Of course it is the lightning that does the 
damage and not the thunder — though it is 
the noise that makes many people afraid. 
Those enormous discharges of electricity 
that go zigzagging through the heavens 
are thought to be a result of the shattering 
of raindrops — all of which carry electricity 
— by the powerful updraft in a lofty cumulus 
(kQ'mff-ltts) cloud, or “thunderhead,” in 





THE STORY OF THE WEATHER 



( I’lni Amorioan WnrM Air«w>'« 


This shov’B y ♦'ow clouds float in the sky at different 
levels. Low at the left, cottony cumulus clouds are 
massing into a stratus or ceiling formation. High 
above them drift the wispy cirrus clouds we sometimes 
call **mare’s tails.” There is no threat of immediate 
rain in the cirrus clouds, but the low cumulus clouds 
might be made to rain. Dr. Bernard Vonnegut found 
that particles of silver iodide could be made to fool 


near-by clouds. A smoke generator on the ground 
blows silver iodide dust into the air, where it hangs until 
a cloud absorbs it. When the temperature of this cloud 
falls a few degrees below freezing, its moisture gathers 
into snowflakes around the silver particles, mistaking 
them for ice crystals. The flakes grow heavy and fall 
to earth, melting on the way. This method of rainmak- 
ing needs no very cold clouds. 


which mill is being formed. Cerlainly it is 
inside its mysterious folds that in some 
way electricity is manufactured. 

The tremendous discharge that finally 
flashes toward the earth or toward another 
cloud is, to all intents and jiurposes, like 
the spark you get when you stroke a cat on 
a cold, dry day in wdnter. And the splitting 
clap that follows the flash has the very 
same cause as the gentle snap that ac- 
companies your little spark in the cat’s 
fur. But the great “spark” up in the sky 
has followed so long a path that the sound 
— which travels much more slowly than 
light — cannot reach you all at once, as the 
sight of the flash can. It comes to you m a 
prolonged roar — and then is echoed and re- 
echoed by buildings and hills and clouds 
till it dies away in a murmur. 

When the flash and the clap come at the 
same instant, the lightning is near at hand. 
And the length of time between them will 


tell you liow far away the storm is. For 
while the flash reaches you immediatch’, 
sound can travel at a rate of only a mile in 
some 1 j\p seconds. So if you can count to 
five slov/y between the lightning and the 
thunder, you may figure that the flash was 
a mile away— if you can count to ten, it 
is two miles away. Count a little more 
sloAvly than your pulse beats. 

Where the Lightning Strikes 

Now electricity has a great preference for 
certain kinds of paths. For instance it 
very much dislikes rubber and wdll not 
travel through it — so we say rubber is a 
“nonconducti r.” But it can make fine 
progress through metal — such as a copper 
wire — so we say that copper is a good con- 
ductor. Wherever electricity flows, it takes 
the easiest path. So when great currents 
of it are darting about through the heavens, 
they will always flow in the direction that 
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is easiest. Jf any tall object- a JlagiK>le, a 
church spire, or a tree — is reaching into the 
sky, the lightning will be apt to follow it to 
earth, since it is nearest at 
hand. Most of the j)eoi)le 
who have been killed by 
lightning have met their 
death because they ran 
to shelter under a 
tree — and the tree 
was hit, as trees are 
apt to l)e. And cows 
are more foolish 
about this than 
jieople. 

So if you are 
caught outdoors 
in the open coun- 
lr>' during a se- 
vere thunder- 
storm, get away 
from all trees and 
lie clown flat on 
the ground. 

There you are 
practically out of 
clanger. But if 
you are near 
shelter, the best 
ining is to go 
into the house, shut 
the windows and 
doors, and not go 
too near metal piping. 

Then nothing is likely 
to harm you. 

Strangely enough tall 
buildings that arc massed 
together in cities seem to be in little 

Lightning often follows strange paths, and no 
one knows why it sometimes strikes where it 
does; but we have learned that there are cer- 
tain sure means of protection against it. If the 
building in the oval had been properly fitted 
with lightning rods, the bolt that is striking it 
would have followed the rods into the ground 
instead of striking the building. The church was 
properly protected, so the discharge did it no 
harm. Skyscrapers are safe because their steel 
frames carry the electricity safely to earth. 

danger of being struck. It is the building 
that stands alone — the church spire or the 
house on a lofty hill — that seems to attract 
the storm. But even it can be protected by 



means of lightning rods. Tho.se long metal 
fingers, reaching into the sky, coax the elec- 
tric current to follow them into the ground 
— or, at other time.s, discharge a current 
into the air that neutralizes the electricity 

An aviator, of course, can take none 
of tlio.se precautions. Since the 
cloud in which the lightning plays 
may reach seven or eight miles 
above the earth, he cannot mount 
above it. His best chance is to turn 
aside and try' to avoid the center 
of the storm. 

Most lightning flashes follow 
a path a good deal like the 
course of a river on the maj). 
The long, saw-toothe<l zigzags 
that illustrators like to draw 
have never been seen. The 
“.sheet lightning” crimmon on 
warm summer evenings when no 
storm is an\'^vhere at barul jirob- 
ably comes from very distant 
flashes ndlected by the clouds. 
Scientists arc still greatly jiuz- 
zled by “ball lightning,” of 
which they never ha\'c been able 
to get a [ihotograph. Anyone 
wht) sees one of those slow- 
moving globes of fire should watch 
it as carefully as possible and send 
the Weather Bureau a painstaking 
description 
to».yiT.s itsapjicar- 

ance, including 
all surrounding 
conditions down 
to the smallest 
detail. For it is 
only with the aid 
of all the facts 
l^ossiblc thai ball 
lightning can be 
explained by the 
scientists. 

Thunderstorms 
probably do not 
happen at the Poles, but nearly everywhere 
else in the world they set off their batteries 
whenever a warm, moist updraft forms into 
clouds in which electricity is set free. They 
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are most numerous in the Tropics. Occasion- 
ally' we even have them in winter, hut usually 
they come in June, July, and August. When 
a hot summer afternoon becomes oppres- 
sively still and “cauliflower” clouds mount 
high into the air, look out for lightning and 
thunder before long. Jlut you need never 
expect them on a windy day, and rarely in 
the morning. 

How Hailstones Are Made 

Often a thunderstorm pelts the earth 
with hail — little marbles made of snow and 
ice, sometimes no bigger than cofTee beans 
and sometimes the size of eggs. When 
they come hurtling down from half a mile 
or more in the sky, they can do terrific 
damage to crops. As a rule there are hardly 
enough of them to cover the ground, l)ut in 
Southern Europe they have been known to 
keep falling until several inches deep. 

They arc altogether different from sleet, 
the little frozen raindrops that sometimes 
fall in oiiitt.'. For hail is always ma<le ui> 
of layers of ice and snow. When a raindrop 
on its way to earth is frozen and then sent 


up again on the toj) of the j)owerful updraft 
that is causing the storm, it sometimes 
meets snow — very far up in the air. A 
layer of snow forms around the core of ice, 
and the heavy little ball starts dowm to 
earth again — ^gathering another coat of 
water that freezes to icc on the way. Tt 
reaches us as a small hailstone. But if the 
updraft is powerful enough, the little marble 
may be juggled back and forth, each lime 
adding a new layer of .snow and of icc, till 
it gets to be of considerable size. When it 
finally comes to earth it is made of layer 
upon layer much like the “bull’s eye” 
candies that have such an amazing variety 
of color between the outside and the core. 

Hailstones usually come near the beginning 
of a thunderstorm, when the updraft is 
strongest. Luckily a hailstorm lasts only a 
few minutes and covers a very small ter- 
ritory so the damage it causes is not wide- 
spread. And the stones never stay long on 
the ground. Like so many natural marvels, 
they must be examined quickly. For Nature 
jIocs not stage her effects for sleepy heads, 
as a rule. 


A third method of rainmaking needs no 
clouds with freezing temperatures. T ^ 
process is called “chain drop reaction. 
Into clouds that have strong upward cur- 
rents, as this towering cumulus cloud has, 
an airplane sprinkles a few large dr<y)s of 
water. The rising air currents hold the 
drops of water while they collect the drop- 
lets of moisture in the cloud. Soon the 
enlarged drops break up, making new drops 
which also begin to collect droplets. The 
growing and breaking process continues 
until the cloud is full of large drops, which 
then fall to earth as rain. 

Rainmaking has other uses besides water- 
ing parched crops and ending droughts. By 
seeding clouds containing sleet, scientists 
eipect to prevent the formation of hail, 
which ruins whatever tender plants it hits. 
Besides, they hope to prevent some of the 
many forest fires started by lightning. To 
do this they will seed cumulus clouds that 
move across country accompanied by much 
lightning but very little rain. 



f’miriniy r**!! Aiiienran W^orlil Airway* 


24Q 


The STORY of the WEATHER 


Reading Unit 
No. 11 


HOW A SNOWFLAKE IS MADE 


Note: For basic injormation 
not found on this page, consult 
the general Index, Vol. 75. 


For statistical and current facts ^ 
consult the Richards Year Book 
Intiex. 


Interesting Facts Explained 


In which regions of the world 
does snow fall? 1-2 51 
How do snow, sleet, and hail 
differ from one another? i— 

251-52 

What is meant by a blizzard? 
1-252-54 

What is the usual shape of snow 
crystals? 1-252 


Where does a snowflake go when 
it melts? 1- 254 
How many gallons of water fall 
on an acre of land during a one- 
inch fall of rain? 1-254 
Where are deserts to be found? 
1-256 

Where does rain go? i 256 


Things to Think About 

How does life de^iend upon snow? How is snow put to work? 

How is snow used to grow crops What is the cause of deserts? 

in dry regions? 


Picture Hunt 

How far south does snow fall in How is rainfall distributed over 
the Northern Hemisphere? i- the world? 1-255 

256 


Related Material 


How may the color of snow 
change? 2-15, 66 
How do glaciers begin? 1-59 
How may snow blindness be pre- 
vented? 1-439 

How do people travel over snow? 
14-520-23 

Which are some famous snow- 
capped mountains? 1-207, 


5-443, 452-53, 462 

Which birds are winter residents 
in your locality? 4—124-30, 
223-30 

What is the animal life of the 
Arctic? 2-329, 4-305, 312, 
320-22, 4T1 

How does plant life adapt itself 
to very cold regions? 13-429 


Leisure-’time Activities 


PROJECT NO. i: During the 
next snowstorm, collect some 
crystal snowflakes and study 
them under a cold microscope, 


1-252-53. 

PROJECT NO. 2 : Make a map 
of the rainfall distribution of the 
different continents, 1-255. 


Summary Statement 

Snow is formed by the con- air at a temperature below the 
densation of the moisture in the freezing point of water. 
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I'lidtii bv Die. of Ktate I'ubllritv, N.Y. Stale I3c|*t. «f ('oiiniu rtc 

Learn to take cold weather as a game and then you tweaks at your ears and nose will seem to be only in 
won’t fear it. If you walk brisldy and take deep sport. If your hands get cold on a tramp or a sleigh 
breaths you will love winter’s frosty tingle, and his ride, try carrying hot potatoes in your pockets. 

HOW a SNOWFLAKE IS MADE 

Bktch Little Bit of the World's Wintry Blanket Is a 
Thing of Amazing Beauty 


HERE are millions of j)eople who have 
never seen a snowflake. I'hey never 
dashed down a hillside on a smooth- 
running sled. They never skimmed along 
over the frozen surface of a pond and lis- 
tened to the ringing of their skates at each 
long stroke. For them it is always summer 
time. For iliough at certain seasons of Lhe 
year clouds may swim across their skies 
every day and bring them rain, those clouds 
can never send down snow, except to high 
mountain tops. • The exquisite, feathery 
stuff that gives us such a thrill whenever it 

2S 


starts to fall and clothe the world with 
beauty can usually be seen only in regions 
well north (jr south from the Equator. 

For snow is formed when the moisture in 
the air condenses at a point below freezing 
and falls through layers of air that are too 
cold to melt ii. If moisture freezes after it 
has been condensed into rain, it reaches us in 
the shape of tiny pellets that we know as 
sleet. They are little frozen raindrops, and 
must not be taken for hail, which is some- 
thing quite different. If rain freezes after 
it falls, wc have an “ice storm.” Then 
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sidewalks, buildings, trees arc sheathed in 
ice that sparkles in the sun like countless 
jewels. The world is turned to fairyland, 
but great is the damage that may result. 

There is nothing in nature more beautiful 
than snowflakes — those flowers of winter 
that perish so quickly under a breath of 



It seems 
way from 
snow-^lad moun- 
tain tops to the 
thriving field in 
the lowest pic- 
ture. And yet it 
is the snows that 
make the fields 
possible in many 
parts of the south- 
western United 
States. For during 
the winter moisture is 
put up cold stor- 
age” in the form of ice and 
snow on the tops of moun- 
tains. Then as the snows 
melt through the spring and summer, their 
water is drained into great reservoirs, like 
the one in the center, and carried by a net- 
work of canals through the neighboring des- 
erts, which forthwith “blossom as the rose.” 

warm air. Most of the ones that 
we see have had their delicate crys- 
tals tangled and broken in the long 
journey to earth. But when the 
air is still and the temperature is 
not over 25° F., one may have 
the good luck to gather a whole 
boufiuct of the exquisite, glistening 
blossoms. 

There is literally no end to their 
variety. Every one of the countless 
billions that fall is different from all the rest — 
and all are alike beautiful. Under a micro- 
scope — which must be thoroughly chilled if 
a flake is to be examined for any length of 
time — they show still more amazing loveli- 
ness. But no matter how great their variety, 


any given flake is always six-parted and per- 
fectly regular in form. It is the countless 
millions of such delicate crystals that make 
up a snowstorm, which poets and painters 
have often tried to describe. 

It is hard to believe that the tender flakes 
falling so softly on a hushed winter's day 
can turn into the sharp, stinging 
weapons with which a blizzard assails 
us. The gale drives them, like so 
many needles, into our tingling faces. 
It whips them up from the ground 
like powder and smothers us in the 
whirl. It heaps them in treacherous 
drifts across railways and streets and 
sifts them through ever> 
cranny and chink that 
it can squeeze its fingers 
into. Buffeted by 
smothering 
^ ^ - blows and blinded 
in the cloud of 
swirling atoms, 
jieoplc may lose 
their way and 
freeze to death 
v/hen only a little dis- 
tance from 
home 


PhoUit l»yC.M.4dt. P. lly.. U.d. Dept, of Agriouiu i. auit Kooraiuouui C. of C. 


And yet to this dreaded storm, so exciting 
while it lasts and so irksome when it is over, 
the Weather Bureau docs not even give a 
name. “Snow with wind" is all they call 
it— and leave it to you and me to use the 
more vivid term of “blizzard." Luckily, 
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Photos by Amsrifisn Mimsudi of Natural History ami Bsntley 

It is hard to believe that all this blanket of snow is all the rest, though they all are made on the same 

made of countless tiny flakes as delicate as the half six-parted plan. Only try for yourself to design a 

dozen shown here, and very much smaller. No jeweler few, and you will realize how ingenious Nature is. 

ever designed a thing more exquisite than these little It is safe to say that in all these millions of years 

crystals. Every one of them is always different from she has never made two snowflakes just aliko. 
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we do not have many of them to bury our 
walks in snow, tie up our city streets, and 
imprison railway trains for two or three 
days at a time. 

How Life Depends on Rain and Snow 

And yet even the blizzard may be a god- 
send and in the long run help save many 
lives. For it is the snow of the winter, 
deep-piled on mountain and upland, that 
sinks into the soil in spring and feeds brooks 
and rivers 
without 
which large 
sections of 
the country' 
would 
as 

when 
mer 

around. In 
many parts 
of the wTst- ?■ 
cm United 
States lands 
that would 
otherwise be 
desert rely 
on the win- 
ter’s supply 
of snow for 
irrigation in summer. 

In fact, if it were not for rain and 
snow — what the w'cather man calls ‘‘i)rc- 
cipitation” (pre-sTp'l-ta'shQn)— all the land 
in the world would be a desert, and mankind 
could never have been born. For it is from 
the great oceans — that cover nearly four- 
iifths of the globe — that all our moisture 
comes in the beginning. The winds are 
merely the carriers — and clouds but the 
blanket in which the rain is temporarily 
wrapped. 

In nearly all parts of the United States 
enough moisture falls to raise crops. Of 
course the amount varies, and not all crops 
are equally thirsty — though every croj) must 
have water at certain times when it needs 
it most. Some plants have an enormous 
appetite for moisture. The roots of a single 
com plant will draw several pounds of water 
from the soil during a warm day. Some of 






■iraa Mumuiu of 


This is whit happens when 
Goat Island, at Niagara 
Falls, is turned into fairy- 
land. 


it goes toward building the plant, and some 
evai)orates from the leaves and is taken 
into the air as water vapor. Of course a 
skillful farmer is careful to put in only such 
crops as are sure to have plenty of water. 

Along the Atlantic coast and the Gulf 
about forty-four inches of water fall in a 
year, and in the northern Mississippi Valley 
about thirty inches. For rainfall is measured 
by the depth of the water it leaves. There 
is a container for measuring it in every 
weather station. A summer shower 
may leave an inch of water behind it. 
A single inch of water means that 
more than 166,530 gallons have fallen 
on one acre, and 106,680,215 gal- 
lons— or 426,720 tons— on a square 
mile. Imagine the extra weight on 
the earth after a day of heavy rain. 
But this is nothing in comparison 
with the weight of rain that may fall 
in a year in ])arts of 
V India and llic Ha- 

waiian Is- 
lands. About 
a hundred 
miles from 
Calcutta is 
one of t ho 
rainiest siK)ts 
in the world. 
It is deluged 
withsixluih 
dred inches 
of water a year - 
and sometimes as 
much as forty inches in a day. 

It is only in the southwestern highlands 
that the United States has too little rainfall 
to keep croj)S alive. Some of the deserts in 
Arizona have so little that it cannot be 
measured. But man has learned to outwit 
Nature. By means of rivers and canals he 
carefully guides the water from melting 
snows in the mountains and spreads it 
through his fields in a network of little 
ditches. We call the process irrigation 
(Ir'i-ga'shiin). The Imjwrial Valley in 
California, one of the hottest and driest 
places in the world, has been changed in 
this way into a fertile garden. 

In the Tropics rain falls only in certain 
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The upper map shows the distribution of rainfall over 
the United .Sf • *^7. Very dark patches indicate that a 
given region has an extremely heavy rainfall, and light 
patches show a light rainfall. The Pacific coast is very 


moist, for the prevailing westerly winds come o£F the 
ocean laden with moisture and are forced to climb the 
mountains. So they drop their moisture at once, and 
have little left for the lands inland. 





pic of CdTioer 
3F.^uator 
^ Thpic Capricorn 





This map shows the distribution of rainfall over the 
whole world — the lighter %he shading, the lighter the 
rainfall. In general, the countries whose civilization 
is well advanced have a good supply of rain. They are 


backward only if their climate is too hot. Notice that 
along the Equator the rainfall is very heavy, but that 
in general it is light farther north except where winds 
bring it in from the ocean. 
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When we speak of the ‘^rainfall** of a region we refer only snow. The map above will show you how far 

to rain and snow and hail and sleet and all the other south snow falls in the Northern Hemisphere. The 

forms that moisture may take as it comes to us out of lighter the shading of an area, the heavier are its 

the air. But when we speak of **snowfall,” we mean snows. Deserts, of course, get neither snow nor rain. 


seasons of the year. The rest of the time 
the thirsty earth has to get along on water 
stored up in rivers or sjirings. The season 
that brings the rains is the one when the 
sun in its march north and south carries 
with it the strong updraft that always lies 
directly under it — the “doldrums” of the 
sailors. Along that belt the rain falls every 
day, but north and south of it the skies are 
usually fair, for the trade winds have little 
to chill them in their trip toward the Equator. 
The calms of Cancer and Capricorn, north 
and south of the trade winds, are always 
sparkling clear, for they are the result of a 
downdraft of the winds that rose over the 
Equator and lost their moisture in rising. 

Where to Find a Desert 

A glance at the map will show you that 
all the great desert regions, where the soil 
is parching for water, lie in those belts on 
the earth’s surface that are too far from the 
Equator to be reached by the “doldrums” 
in their yearly journey north and south 
and too far from the Poles to get any of the 
rain distributed by the prevailing westerlies. 


The bright sun of the “horse latitudes” and 
of the edge of the trade winds always shines 
upon the great deserts of the world. 

Does It Ever Rain on a Desert? 

Often, too, a desert lies behind a range of 
mountains that dries out the prevailing 
winds. When a moist w'ind climbs a moun- 
tain, it is chilled by being forced u]) an<l 
drops its moisture on the windward side. 
So when it sweeps down the other side it is 
warm and dry and cannot bring rain. That 
is what happens to winds coming in from 
the Pacific and striking the Rocky Moun- 
tains. They drop their precious water on 
the western slojxjs, and many of the lands 
on the other side have to stay parched. 
Most deserts of the world do have a very 
slight rainfall, but some get never a drop. 

About a third of the moisture that falls 
from the skies sinks into the earth, another 
third is taken up into the air again as water 
vapor, and the rest runs off into streams and 
rivers. A glance at the map will help one 
to realize what an enormous quantity of 
water flows into the Mississippi River. 
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Reading Unit 
No. 12 

HOW WE WEIGH THE AIR 

Note: For basic information For statistical and current jar ts, 

not found on this page, consult consult the Richards Year Book 
the general Index, VoL /j. Index. 

Interesting Facts Explained 
What is the weight of all the air 1-260 

on the earth? i 25Q How does the aneroid barometer 

How great is the pressure of the measure air pressure? 1-261 

air upon the earth? i 259 What is the source of cold 

What is a barometer? 1—259-60 weather? 1—261 

How far up does the air extend? 

Things to Think About 

Why can a column of mercury Why '*oes air pressure decrease 

stay in an inverted glass tube as one goes up a mountain? 

without spilling? Why docs water boil at a lower 

What are the advantages of the temperature on top of a rnoun- 

aneroid barometer? tain? 

Picture Hunt 

How much does the air above a at high altitudes studied? i- 

person’s head weigh? 1—260 259 

How are atmospheric condition.. 

Related Material 
How did Otto von Guericke 2 -304 

demonstrate atmospheric pres- How does air pressure help to 
.sure? 1-452-53 operate pumps? 1-464-65 

How is atmo.spheric pressure put How d -es the Weather Bureau 
to work? 1-458-65 make .jp the weather map? 

How do changes in atmospheric 1—276, 277 

pressure affect the ear drum? 

Practical A pplications 

How can a barometer be used to How is the barometer u.scd in 
measure the altitude of a forecasting the weather? i- 

moiintain? 1-259-61 259-61 

Eeisure^time Activities 

PROJEC'T NO. i: Climb a hill changes in air pressure as they 
and note the changes in baro- are reported in the newspapers 
metric reading as you ascend and over a long period of time to see 
descend, 1-258-61. the connection between air pres- 

PROJECT NO. 2: Record the sure and weather, 1-259-61. 

Su m tnary State ment 

Because of its weight, the about 1 5 pounds on every .square 
ocean of air exerts a ])ressure of inch of area at sea level. 
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Photo from Gliclor Natloml Park 


Here ere two barometere. the left-hand one on a shown two such columns of air colored black, so that 

mountain top and the other at sea level. If we could you may realize just how it is tha't the air has weight, 

see the ak, we should realize that on every square Of course the shaft reaching down to sea level weighs 

inth of surface it is bearing down with a surprising more than the one that rests on the mountain. So 

weight, like a long shaft reaching right up to the top the air on a mountain top is **thinner'* than at sea 

of the atmosphere. In the pictures above, we have level, and water boils more quickly in It. 
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These balloons are about to carry instruments high up ments down to earth again. No one knows where 
into the air to find out for the United States Weather they will land; but attached to them is a tag telling 
Bureau what conditions are like in regions man has what they are for and offering a reward for their return, 
never yet been able to visit. Such balloons have Instructions as to pacldng and shipping are also given, 
ascended as high as twenty-two miles. They are made It is pleasant to be able to say that sooner or later 
of indiarubber, as a rule, and are not quite filled with most of those instruments find &eir way back to their 
air when they leave the earth. But as they rise into owners — sometimes after a long, long time, and from 
the thinner upper atmosphere, where the air pressure points as much as two hundred miles away from the 
grows lighter and lighter, they gradually expand until starting point. The apparatus in such “sounding bal- 
at last they burst. Then a little parachute, or perhaps loons” usually registers temperature and air pressure, 
another balloon that will not burst, carries the instru- and sometimes humidity. 

HOW WE WEIGH the AIR 

Here We See How a Thing That Seems to Have No 
Weight at AH Is Still Pretty Heavy 

E " HE soft blanket of air into which the makes the air press more heavily in certain 
I earth is so snugly tucked weighs places upon the earth beneath. It is easy 
im 5,600,000,000,000,000 tons. Perhaps to see thal changes in the weight of the air 
you cannot even read so vast a figure. It is must always go w’ith stormy weather, 
five quadrillion, six hundred trillion tons. In order to help him guess what kind of 
And yet the air seems to weigh nothing at weather is coming, the weather man weighs 
all! the air two 01 three times a day. If you 

Now this great ocean of atmosphere .3 had to do so, how do you think you would 
not distributed evenly. Winds arc con- set about it? It would take you a long, long 
stantly pushing through it, piling it up in time to work out a way! Certainly it could 
one place and thinning it out in another, never be done with the kind of scales the 
Every storm wiml that blow's moves millions grocer uses for sugar and coffee. The 
of tons of air from one part of the earth weather man uses an instrument he calls a 
to another. Of course such a heaping up barometer (ba-r6m'^-lcr). With it he weighs 
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the air that rests on one square inch of 
earth. But what a tall column it is! It 
reaches out into space at least two hundred 
miles. And although its weight is always 
changing, it averages fifteen pounds. So 
the air that rests on a square foot — one 
hundred and forty-four square inches — of 
ground at sea level weighs a little more than 
two thousand ^ ^ 
pounds. Think of \ ^ ' 

all the tons your -y “ r - 

body is supporting! I 

The barometer is 

very easy to under- • j ] 

stand. It w'as first j 

invented by an Ilal- |pl|L, - - 1 ' * 

ian named Torricelli 0 \ w 

about 1643. ^ ‘y ^ . 

simplest kind is ^ • 

made from a glass 

tube about thirty- _ L j 

three inches long, KmT j ’ 

closed at one encl 

and filled with mcr- T .‘I'v I \ 

cury, or quicksilver. 

The tube is turned J 

upside down, so that 

the open end is in- 

verted in a small cujj ^7^ ) 

partly filled Avith 

mercury. Of course 

some of the mercury V # if*. 

runs out of the tube into 

the cup; perhaps three 

inches of tube at the top 

is empty. But it cannot 

all run out. And why 

not, you say? Because 


If we could do the air up 
in tight bundles, we should 
find that every one 
of U8 carries a y 

weight like this on ^ 

his head — for every / 

square inch of sur- ^ 

face has to support w w - / ' 
a weight of fifteen t^L . 
pounds of air. So W 

on his whole body , 

each one of us has i 
to stand a pressure ^ 

of some 30,000 ^ ^ 

pounds of air. How ^ 

Mn it be that we W 

are not crushed to i i 

jelly beneath such # — 

an enormous ..-sriHr 
weight? It is be- 




the weight of the air pressing down on the 
mercury in the cup will not let it. It holds 
the column of mercury in the tube as securely 
as if the tube were corked. 

How We Weigh the Air 

For you must remember that a weight 
of fifteen i)ounds is bearing down on every 
square inch of the surface of the mercury 
in the cup — and there is no air inside the 
tube to press down on the top of the column 
of mercury. Now, as you may pcrhajis 
know, mercury is a very heavy liquid; a 
single drop of it has a surprising weight in 
your hand. If your tube is an inch scjuare, 
enough mercury to till thirty inches of it 
will weigh about fifteen ])ounds. So, y()u 
see, if the mercury in the cup has a square 
inch of surface e.vi)oscd to the air, the 
fifteen pounds of weight that the air puts 
upon it will just balance the weight of the 
thirty inches of mercury in the tube. 

If the air should get heavier it will press 
down harder in the cup and push the mer- 
cury up in the tube. Sometimes, when the 
air is heaped up in a great billow, it can 
force the mercury up a whole inch —as 
measured on the scale marked alongside the 
glass tube. We then say that the barometer 
reads thirty-one inches. At such a time the 
weather is always fair. Then, if the air 
flows away and so docs not press down so 
hard, a little mercury will run out of the 
lube, sometimes more than an inch. "J'he 
column of mercury will then rcacli less than 
twenty-nine inches high — and less 
' ^ than twenty-nine inches is a very low 
ir barometric (bar'o-met'rik) j)ressure. 

cause our bodies are so 
made that there is an 
^ , equal pressure inside, to 

|p!v ' support them. We 

are more or less 
like the upper of 
the two bottles in 
4 the picture. The 

Air inside has been 





compressed till it 
pushes outward 
with a force equal 
to the weight on 
top, so the bottle is 
safe. But let the air 
escape by taking 
out the cork, and 
the heavy weight 
will crush the 
bottle. 
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It means stormy weather. So, strange as it 
may seem, wc report the w'eight of the air 
by inches instead of pounds. 

A mercury barometer is the most reliable, 
but it is expensive and bulky to carry about; 
so for all ordinary j)urposes the aneroid 
(iln'er-oid) barometer is used — named from 
two Greek words meaning “not moist.” 
It has no liquid of any kind, but is like a 
small metal box with a very thin, elastic 
cover. Most of the air has been drawn out 
from the inside of the 
box, so that when the 
pressure of air is in- 
creased on the cover, 
there is nothing to keep 
the thin sheet of metal 
from being pushed in- 
ward under the weight. 

When the jiressure is 
lighter the cover comes 
back into its first po.si- 
t ion again. 'Fhe slightest 
niovemciiL oi the cover 
back and forth is regis- 
tered by a jiointer on a 
dial, and the figures are 
so gauged as to read the 
same as the scale in 
inches on a mercury 
barometer. 

llecausc the ])ressure 
of the air can change 
so quickly, every station of the Weather 
Bureau has an attachment by which the 
barometer can record all its changes. A 
strij3 of ruled jiaper is fastened around a 
drum that slowly revolves by clockwork. 
As it turns, a jien connected with an aneroid 
barometer draws a lim: upon the paper and 
records all the changes in the position of 
the pointer on the barometer’s dial. 

Where Our Cold Waves Come From 

Air pressure varies greatly over different 
parts of the earth. Wherever the air ’s 
turning in a cyclone, the pressure is low at 
the center of the whirl. In some places the 
pressure is nearly always low — as at the 
South Pole and dll the great updraft along 
the Equator. In other places it is high. 


'J'here arc two high-jiressurc areas that deal 
out a great deal of uncomfortable weather 
to the United States. One of them lies in 
winter over British North America and 
pours down a series of icy cold waves over 
all the country east of the Rockies. Cold 
winds How out from under its great billow 
of air in every direction. 

Another “high” anchors itself in summer 
out in mid-Atlantic somewhere between 
Florida and the North African coast, biit 
since it first makes itself 
known at the Bermuda 
weather station it is 
known as the “Bermuda 
high.” Its air gets very 
hot under the tropical 
sun and picks up a great 
deal of water from the 
ocean. Consequently, 
when winds How out 
from it over the eastern 
part of the United States, 
they can bring us the 
most sweltering, sticky 
weather of the whole 
summer. 

So you sec there prob- 
ably is a good reason 
why on a crisp, clear day 
one should feel like con- 
quering the world. 
Many physicians say 
that a Jiigh air pressure forces more blood 
into the bitcrior of the body, so that the 
brain and all the vital organs arc well sup- 
jHied. But a moist, still day, when the 
air pre.ssure is light and a storm is not far 
off, robs .is of ambition. We say that the 
air is “heavy,” meaning that it is damp and 
hard to breathe. But what we ought to 
say is that the air is light, for it is then that 
it weighs the least, if the barometer tells 
the uuth. And it is in quite a different 
electrical conciition from air that is riding 
in on a keen blast from the north. The 
change is easy to see among patients In 
hospitals. Certainly it is true that the 
Canadian “high” sends health over all the 
land. Next to our generous supply of sun- 
shine, it is our best national tonic. 



s llutuncal Mp<lu-al Mm 

Toricelli is here shown experimenting with his 
barometer. 
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Reading Unit 
No. 13 


WEATHER PROVERBS OF LONG AGO 


Note: For basic information 
not found on this page, consult 
the general Index, Vol. 15. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


Interesting Facts Explained 


Why are pieces of metal usually 
covered with moisture before a 
rain? 1-264 

What is the most important 
factor in determining weather? 
1-264 

W’hat does a mackerel sky mean? 
1-264 

Filings to 

Why is the direction of the wind 
important for weather predic- 
tion? 

How does the weather lore of our 
forefathers compare with 
modern means of weather pre- 
diction? 

Relateli 

How does rainfall affect plants? 

How does tropical rain affect 
plants? 2-196 

How does dust affect rain? i— 
220, 377 

How are plants adapted to 


How did sailors predict the 
weather years ago? 1-264 
What did animals teach our an- 
cestors about the weather? i— 
265 

What does a rainbow indicate 
about the weather? 1—265-66 
Why is rain important? 1—268 

Think About 

Why is it important to have con- 
stantly changing weather? 
How does the movement of high 
and low clouds in opposite di- 
rections help us to predict the 
weather? 

Material 

aquatic life? 2—1 99-201 
How has weather influenced civi- 
lization? I -T 93-9 7 
Why arc weather repf)rts trans- 
mitted by radio to ships at sea? 

1—278, I0-IT6, 121 


Practical Applications 

How do aircraft pilots use weather reports? 1-264 

Eeisure^ti me A ctivities 


PROJECT NO. i: Predict the 
weather on the basis of w^eather 
lore, and compare your prophe- 
cies with the predictions of the 
newspapers or the radio, i- 264- 

Summary 

The weather lore of our fore- 
fathers contained many correct 
and many incorrect conclusions. 
To-day we depend upon the 


68 . 

PROJEC'T NO. 2: Collect some 
superstitions about the weather 
from your neighbors and compare 
them with actual facts. 

Statement 

weather observers’ use of scien- 
tific instruments for our knowl- 
edge of weather. 
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The pioneers whose Pullman coach was a covered every morning. So they had to be their own weather 
wagon could not set up radios in the little cabins prophets, and take their readings from the winds and 
they built, and no newspaper was leh at their doors clouds and other natural objects around them. 


WEATHER PROVERBS of LONG AGO 

How You and I May Become Pretty Good 
Weather Prophets 


UR grandparents were a good deal 
more clever at foretelling the weather 
than we are to-ilay. They had no 
weather man who pored over charts and 
tables and kept in constant touch by tele- 
graph with the weather all over the country. 
So they learned to use their mother wit. 
And they were a good deal more affected by 
what went on in the skies than we are. A 
heavy rain on a pitch-black night with a 
rough country road ahead was quite a dif- 
ferent thing in an 0|)en buggy or on horse- 
back from what it is in an inclosed car with 
powerful headlights and a perfect roadway. 
So our ancestors, for thousands of years, 
kept a practiced eye on clouds and noted 


changes in the wind. And ev'^r since the 
earliest man dccidc<l that he did not like 
the heavy stillness of a hot summer after- 
noon and drove the children into the cave 
before the storm broke, his descendants 
have been storing up observations on the 
weather and passing their experience on to 
their children. This is what we call folk- 
lore. Much of it was sheer nonsense; some 
of it was true only for the place and time 
when the rule w^as made; but a little of it is 
true for us to-day. 

It is too bad that we do not know more 
about why and when the weather will change 
right around our homes — especially since 
we must always be talking about it. Many 




THE STORY OF THE WEATHER 


of the forecasts from the Weather Bureau 
have to cover a large territory, and so 
cannot give much attention to any particular 
spot. But local forecasts are made in and 
for the larger cities; and the new forecasts 
and advices now being given for air travel 
go into the greatest detail for short periods. 
Before taking off, pilots and passengers of 
aircraft now know with a good deal of cer- 
tainty just the kind of weather they arc 
going to meet. 

How to Be a Weather Prophet 

Anyone who would know the meaning of 
the sky and its signs must own and study a 
good cloud atlas, which classifies, names, 
and explains clouds, just as botanies toll us 
how to understand and appreciate the 
flowers of our forests, fields, and gardens. 
A wet forefinger held up in the breeze is a 
rough and ready device, centuries old, for 
finding out where the wind is. Bui any 
boy or girl can make a weather vane out of 
a very thin jiiece of wood and mount it on 
a pin so that it will work quite as well as 
the one the weather man u.ses — and very 
much better than some of the rusty affairs 
that are continually telling untruths from 
the tops of towers! Tt is even possible to 
make a thermometer, a barometer, and a 
rain gauge; you will find directions for them 
all elsew’here in these books. 

Weather Lore of Our Forefathers 

Of course none of those instruments are 
necessary, but if you want to be n‘ally 
scientific you will set them up and take 
readings from them regularly, as often as 
three or four times a day. And the record 
of those readings, jotted down in a little 
book, wdll not only furnish a great deal of 
interesting discussion and settle many an 
argument as to what the weather usually 
has been and when the first frost comes, 
but it will soon teach you amazingly in- 
teresting things about how temperature and 
air pressure affect the weather in your par- 
ticular locality. For every sjK)t has its own 
weather rules, resulting from the effect of 
neighboring seas or mountains or lakes or 
plains or deserts. It is a fascinating game 
to try to find them out, and one which a 


group of friends can well carry on together, 
each one making and watching a different 
instrument. 

But first of all let us sec how much we 
can learn from our forefathers. They had a 
way of weaving their weather lore into 
homespun rhymes that were often better 
science than poetry. Here is one: 

Evening red and morning gray 
Sends the traveler on his way. 

Evening gray and morning red 
Brings the rain upon his head. 

The same fact had been noticed long ago, 
for in the Bible we read, “When it is evening, 
ye say, It will be fair weather: for the sky 
is red. And in the morning, It will be foul 
weather to-day: for the sky is red and 
low'cring.’^ This is as true now as it was 
twenty centuries ago. For it is moisture 
and dust in the air that makes the sky red 
at sunset or sunrise. When the air is very 
moist in the morning, heavy clouds arc 
likely to form when it is heated enough by 
the sun to start a strong updraft. Then 
rain will probably fall. But at night the 
air will he cooled somewhat and will settle 
instead of rising; so clouds are less likely 
to form. 

Why Metal Sweats before a Rain 

Of course increasing moisture in the air, 
especially in the middle of the day, is likely 
to bring rain. We now know that this is 
because, if an updraft is started, the slight 
chilling will cause condensation of the damp 
air. Early men did not know all this, but 
they had noticed that certain signs of in- 
creasing moisture were likely to come before 
a rain. So the learned Roman Pliny (plln'i) 
sjiid that when metal “sweats” it is a sign 
of bad weather; and the North American 
Indians made the gruesome observation that 
“when the hair grows damp in the scalp 
house, we surely shall have rain.” The 
early New Englanders had the homely 
saying that “a red sun has water in his 
eye”; and people all over the world have 
noticed that when the salt grows suddenly 
damp or walls gather moisture, rain is 
probable. 

So an elaborate apparatus has never been 
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rain, the storm must be coming up m the 
west. But if you are seeing your rainbow 
in the evening, with the sun behind you, 
the shower must be vanishing eastward. 

Men Who Went Down to the Sea 

Sailors, whose very lives depended upon 
their skill in forecasting weather, used to 
watch the sky with great anxiety. They, 
too, would notice all the signs of increasing 
moisture. So they learned that a whitish- 
yellow western sky meant rain, and that a 
white, yellow, or greenish-yellow sunset 
meant a storm. A purple sky overhead 
they believed to be a forecast 
of hot, dry weather, but un- “ 

usual colors set as a v * ^ ^ 
background to clear-cut 
masses of cloud \ ^ ‘ IL. 
were thought to - 
bring^ rain ' ' 

dgn of unsettled \j > 
weather; but a rosy 
sunset and a gray ' ' 

dawn were signs of ¥ 
fine weather. For 
haze in the air is 
always caused by 
moisture or dust. If 
it is moisture, the 
haze is white; and if 
it is dust, the haze is blue. 

A circle around the sun 
warned them of storm, 
and a mock sun or a moon 
rising red among broken 



clouds meant ram. There was also a saying 
that ‘The moon with a circle brings water 
in her beak*’ — and the larger the moon’s 
halo, the sooner rain was expected. Pliny 
left us the observation that before a rising 
wind the fainter stars cannot be seen, even 
on a clear night. We know to-day that this 
is because churning air currents up above 
disturb the light rays. A few stars twinkling 
brightly against a very dark sky also mean 
rain — for moisture dims the fainter stars. 

Of course clouds are one of the best weather 
prophets, even for the scientist. The Bible 
says, “V/hen ye sec a cloud rise out of the 
WTSt, straightway ye say: 
. I'here cometh a shower; and 
' so it is.” And some would- 

be poet left a rhyme the’t 
we may well remember when 
' ' he said: 

“A mackerel sky — 
Twelve hours dry.” 

;r Scientific prophets 

siiy that masses of 

Hosaaorintheolden greenish cloud 
^ days liked the look of gathering in the 

\ a sun like this one. 7 

\ That ring meant a southeast mean 

storm. heavy rains, and 

- clouds that are growing may 

perhaps reach -a size where 
they will drop their moisture; 
but that rain from very 
high or th i n clouds cannot 
last long. Rapidly grow 
ing “caulillowTr” 
clouds turn into 
thunder -heads, 
but if they are 
still or move 
very slowly, the 
weather will prob- 
ably keep fair. If a 
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layer of clou<l against the side of a mountain 
range rises, the air pressure is rising also: if 
it droj)s, the air pressure is falling. 

Wisps of cloud in a white sky show the 
approach of an area of low i)ressurc with 
rains — though sometimes the center of the 
storm may be as much as a hundred miles 
away. After the storm center has passed, 
the same clouds appear. If high clouds 
cover the sky there will be no rain unless 
they sink to lower levels. Jf they do, look 
•out for a storm. 

The Weather Carriers 

Of course the direction of the wind is 
one of the first things that a weather prophet 
notices, for the great cyclones that dis- 
tribute weather always carry a variety of 
breezes. A wind square in the east means, 
as a rule, that the center of the disturbance 
will pass near or to the southw'ard. Rain 
then is almost certain. In general, winds 
that blow from the west, northwest, or 
southwest bring fair weather over the 
eastern part of the United States, though 
along the Pacific coast and the coast of 
Western Europe the west wind, loaded with 
moisture from its journey across the ocean, 
brings bountiful rains. 

Veering winds should be watched with 
interest, but after a long spell of wet 
weather a change* of the wind to the west 
or north will probably blow the clouds away. 
The reason for all this will not be hard to 


understand if you will look at a diagram of 
one of those great cyclones and notice the 
direction in which the wind blows on its 
various sides as it makes its counter-clock- 
wise revolutions. You will see then why a 
north or northwest wind means that the 
storm has passed and ushers in clear, colrl 
weather. Whenever clouds high in the 
heavens arc moving in a direction opposite 
to those near the earth, you may know that 
a storm center is on its way or else is taking 
its departure. 

Now all along wc have told you the signs 
that are more or le.ss reliable. Most of them 
were based on the fact that a rapid increase 
in the air’s moisture or the passing of a 
storm ccnt*"r was apt to bring rain. Put 
there are many false “signs” — age-old sui)er- 
stitions- that are still ])assed on faithfully 
from one generation to another by people 
who ought to know better. One of them is 
the old saw about March and the lion. 
Another is the saying as to Candlemas, or 
“ground hog’s day,” on February 2nd; anti a 
third is the superstition regarding St. 
Swithin’s Day, on July 15th. The second 
belief grew up in the United States. The 
third has a long history and comes to us 
from the Old World. It runs thus: 

St. Swithin’s Day, if thou be fair 
For forty days ’twill rain nae mair 

St. Swithin’s Day, if thou dost rain 
For forty days it will remain. 
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The story goes that when St. Swithin died 
he laid a curse upon anyone who should 
disturb his grave after his death. In spite 
of this, his remains were moved, and by 
chance on that very day a frightful storm 
swept the land. From this accident the 
belief grew. 

If you are interested in learning more 
weather proverbs, 
you will find many 
of them in Professor 
Edward Garriot’s 
“WeatherFolklorc,” 
published by the 
United States 
Weather Bureau. 

It is a common 
saying that everyone 
complains of the 
weather but that no 
one does anything 
about it; and cer- 
tainly it is true that 
people are perhaps a 
little sillier in their 
discussion of that 
eternal subject than 
they are about any- 
thing else. If it 
rains, they grieve 
because it is not 
fair; if it is fair, they 
grieve because it is 
too cold; if it is 
warm, they grieve 
because it is too 
damp; and if it is 
dry, they grieve be- 
cause the wind 
blows. They seem 
to take it as an in- 
sult that fate should 
not send them the 
kind of weather they 
want every day in 
the year. 

Now one reason why it is so silly to be 
always complaining of the weather lies in 
the fact that no human power can change 
it. So to complain about it is just about as 
foolish as crying because you cannot go to 


live on the moon. The wise and successful 
man makes the best of things as they are, 
and in doing so does something better than 
change them — he conquers both the uncom- 
fortable conditions and his own silliness. 

To do that is much better than being able 
to order from the weather man the kind of 
day you would like to have. For if we could 
dothat,people would 
always be fighting 
to see who .shouhl 
have his way. When 
I wanted rain to 
water my garden, 
you w'ould want sun- 
shine to go on a pic- 
nic, and when I 
wanted it warm be- 
cause 1 like to go 
swimming, you 
would want it cold 
because you like to 
skate. Crops would 
often die, men wouUl 
probably be ill a 
good deal oftener, 
and the world would 
be turned upside 
down. On the whole 
the kind of w’ealher 
we get is the kind 
that is most likely to 
make our lives run 
smoothly. If by 
chance there are 
Hoods or a very long 
dry spell, the thing 
is .so unusual that 
the papers are full 
of it. 

So most of us 
would do well to 
stop worrying about 
the weather and take 
it as it comes. By 
watching the clouds 
k1 the winds and the wciither reports, 
we can learn to forecast it for some twenty- 
four hours, and so keep reasonably com- 
fortable. And people of sense never com- 
plain of what they cannot help! 



This pair is not going to worry because of a little rain. 
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Reading Unit 
No. 14 


WHY THK SKY IS BLUE 


Note: For basic ipi format ion For statistical and current facts ^ 

not found on this paf'c, consult consult the Richards Year Book 
the general Index, Vol. 15. Index. 


interesting Pacts Explained 


What is the sky? i 270 
What causes the color of the sky 
at dawn? i 270 
When are the best rainbows 
formed? 1-271 

How many c<3lors does sunlight 
have? I -2 71 

What is meant by refraction? 

1' kings to 

How may white li^^t be divided 
into many colors? 
ilv..*. «loPs the thickness of the air 
blanket around the earth affect 


I 271 

About how thick is a rainbow? 
1-272 

What is the cause of a ring 
around the moon or sun? i— 
272 

What is a mirage? 1-272 

"hink About 

the color of the sky? 

How does weather affect the 
coh)r of the sky? 

How is a rainbow produced? 


Picture H unt 


Why may a halo form aroimtl the How may the colors of sunlight 
sun or moon? i 272 be examineil? i -271 


R elated IVI at eri al 


Who discovered the cause of the 
coU)r of the sky? 13 390 
Do our eyes see all colors equally 
w'ell ? 2299 

How ilo the different colors look 
when seen through variously 
colored glasses or in coloreO 
lights? I 429-30 
How is color used to determine 


the age of the stars? i i 73 
How is color used to iletermine 
the composition of things? i- 
187 

What doe> the atmosjihere do to 
light? i 140, 175-77 
What is the source of the sun’s 
light: 1-109-18, 207, 386 


Practical Applications 

How is color composition <leter- mined? 1-2 71 

E eisure~ti me A ctivities 


PROJKC r so. i: Show what 
refraction is by standing a pencil 
in a glass of water, i 271. 

Summary 

The sky seems blue at certain 
times because small dust and 
water particles in the air reflect 
only the blue light of the sun to 


PROJEC r NO. 2: Produce a 
rainbow with the aid of a garden 
hose, 1-271. 

Statement 

our eyes. The other colors in the 
sunlight pass through the air or 
are reflected at such angles that 
they do not reach our eyes. 
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I'hntoa Uy Niagara Falla C. of C. 

Winter has a fine gift for scenic effects. Even an sight is stupendous. Up in the comer is a view of 
ugly city s^eet is imposing under a blanket of snow; the falls before the fingers of the frost got to wori 
but when Niagara Falls is partly sheathed in ice. the and built those towers and hanging colonnades. 

WHY the SKY IS BLUE 

It Is All a Trick of the Air That Carries the Sun's Rays 
and Spreads Them Out in Space 


0 OW would you describe the clear blue 
sky to a man who had never seen it? 

A shining dome? Perhaps. But 
you cannot see it curve. 

A blue bowl upside down? But that, too, 
gives a shape to something that is really 
not round at all. 

And what should you say it was made of? 
Marble, glass, velvet? Surely not! All 
those substances look much too hard. 

The truth is that there is nothing else in 
nature that looks just like the heavens on a 
clear summer’s day— and that is because 
there is no other place where we can look 
on and on into vast oceans of empty space. 
And yet it is not really empty, for if it 
were, we should see nothing but inky black 
stabbed with bright points of light — the 
sun and moon and little twinkling stars. 
That is what the airman sees when he 
'limbs six or seven miles above the earth. 

270 


What we are really looking at is countless 
invisible particles of moisture and dust and 
still tinier atoms of gas. Those are what 
make up the air— and it is the air that looks 
blue. For all those tiny atoms sift and hold 
blue rays out of the sunlight and scatter the 
sunbeams about until, no matter where we 
look, the world seems bathed in light. And 
when, at sunset, the rays of light have to 
pass through a still greater thickness of air, 
the orange and reel and yellow ones arc 
caught by tlie tiny particles and pinned to 
the western sky. 

It is the air, then, that we can thank 
for our beautiful blue heavens and our 
gorgeous skies at sunset; and since this is 
true, you can readily see that the weather 
will have a great deal to do with the color 
of the sky. No one can mistake the promise 
of a clear blue sky; and the color of the 
we.it at evening often tells us quite plainly 
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what the weather will be next day. A prac- 
ticed eye can read all such signs. 


stance into another, it is likely to be bent 
out of its course. That bending we call 
'‘refraction” (rc-frik'shiin) — from the Latin 
for “break up.” It is refraction that makes 
a stick look broken when you thrust it 
slantingly into water. The light rays are 


ray of light into 
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, all those colors may be sorted remember. 

though it looks 
white, is really 


out by passing them through a glass prism, 
like the one in the center, which spreads 
them out in a rainbow. The reason for the 
sorting is that each color is bent at a different rnndp nn nf nil 
Migle from oU the other colon. A drop of ^ I , 

wiuer acts in just the way a prism does. It the colors of the 

rainbow; and 

spreads them 
out in a rain- 
bow. So when 
we get millions stance 
of drops of water 
up in the sky. 


work at 


when it passes 
from one sub- 
to an- 
other — as from 
air to water or 


What Makes the Rainbow? 

But the air gives us a great many beautiful 
effects besides blue skies and sunsets. Do 

you remember the joy. of Noah bent as thev en- 

V 1 *^3 1 1 f Of course our pencil isn^t resUy broken. It tney en 

when, after the long, dark weeks of is only thst the water has bent the rays of ter the water. 

rain and the terrors of the Flood, 5?*^* passing ^ough it, and so the part of ^ 

, . , • ..1 , . v^ned that is under water seems to be ^ ocam 

he saw a rainbow in the sky, and out of place. ^ Glass, toe, will bend a ray of of sunlight, you 

took it for a promise that mankind Sf ** ^ 

would never be . . . » . 

destroyed in that 
w ay again? 

Something of 
Noah’s thrill of 
delight W'e feel, 
even to-day, at 
sight of the ex- 
quisite bow that comes 
after a storm. 

But ever>’lhing must 
be just right if we are 
to sec it. The .i.n* must 
be shining in one j)art 
of the sky while the rain 
is still fallingin another, 
and wc must stand with 
our backs to the sun and have 
,thc rain in front of us. Then, 
if everything is right, we shall 
see almost a half circle of color 
in the sky above us. Now and 
then a second bo\v will show 
faintly outside the first, and 
sometimes, but very rarely, 
even a third — between us and the 
sun. Red is the outside color in the brightest 
— or primary' (pri'ma-rl) — bow, and the in- 
side color in the secondary bow. The rain- 
bow is seen best when the sun is about 
halfway dowm tlie sky to the horizon. 


How to Make a Rainbow 

But you can make your own rainbow^ 
By standing with your back to the sun anc 
throwing a line spray of water into the air 
from a garden hose, you can sometimes 
create a full circle of color. This little rain- 
bow is just as real as the big one up in the 
sky, for it is made in just the same way. 

When a ray of li gh t passes from one sub- 


once sorting out . , 

the colon in the from air to glass 

hweibeiitiM colors 

rainbow as the are bent and all 
result. sorted out, one 

from another, 
and spread out 
before us in a 
many-colored 
band of light. 
The rainbow, 
then, is caused by 
refraction. For 
all the millions of 
drops in a shower 
bend the rays of the 
sunbeams, sort out 
the various colors, and array them in the 
sky before us. 

Where Is the End of the Rainbow? 

But as for the crock of gold that the old 
story says is at the foot of the rainbow— 
it is as far away as all other bright things 
that seem beautiful because they are just 
out of reach. For it is in the nature of things 
that the foot of the rainbowr can never be 
arrived at. It is always just a few rods in 
front of you, and moves away just exactly 
as fast as you walk toward it. So there are 
really just as many different rainbows as 
there are persons looking at them, and 
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whenever you move you see a different rain- 
bow— which is only to say that a different 
set of raindrops is refracting the light that 
you see. The rainbow is only as thick as the 
little drops that are causing it — and no 
matter how near it 
may be, it is always 
just out of 
reach. 

Once in a 
while you will 
see a ring of 
light around 
the sun or the 
moon . It 
happens when 
you look 
through very 
high, thin 
clouds — cir- 
rus (sJr'us) 
clouds — com 
^)osed of ice crys- 
tals that bend the rays of 
light This small, faint ring 
around the sun or moon— 
but at some distance from 
it — is called a halo (ha'lo). 

Its inner border is brownish 
red. There is a very old saying — of no 
real value — that the number of stars you 
can see inside the ring tells you the num- 
ber of days that will pass before rain will 
fall; but one can be sure that the weather 
man never wastes any time counting them! 
Sometimes several halos cross each other, 
with brighter spots where they meet. Such 
sjK)ts arc often called “mock suns” or 
“sun dogs.” 



The broad whitish disk that you some- 
times see showing next the sun or moon is 
called a corona (ko-ro'na) — or “crown.” 
It is caused by thin, misty lower clouds 
made uj) of very tiny water droplets, which 
scatter the light and so cause the “crown.” 

No accident has happened to our old Now these 
frienda the sun and moon in these nrp thp rnm. 
two pictures. It is only that we are ^ne com 
looking at them through very high, moncst tricks 
thin clouds made up of ice crys- 
tala that bend the rays of light. 

The result ia that, like the saints play, but 

in pictures, both sun and moon 

seem to be wearing a halo. there are 

others seen 
occasionally. 
I'here arc the 
strange mi- 
rages (me- 
riizh') that 
appear at sea 
or over des- 
erts and de- 
ceive weary 
sailors and 
travelers 
with what 
seem to be 
castles and 
ships and 
'' trees. They 

are caused by the bending of Jight rays that 
pass through layers of air heated to widely 
differing temperatures; the rays are “re- 
fracted” just as they arc in passing through 
water. You may see much the same sort of 
thing taking place in the air just above a 
paved road as you motor along it on a hot 
summer day; the road will often seem to l)e 
covered with water, or even with growing 
grass. 
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Reading Unit 
No. 15 


WHAT THH WEATHER MAN DOES 


Note: For basic injormation 
not found on this pa^c, consult 
the general Index, Vol. 75. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


I nteresting F acts 

How long has the Weather 
Bureau been in operation? i- 

How accurate are the Weather 
Bureau’s forecasts? 1--275 

How many peojile record the 
weather daiU ? i 27O 

Things to 

How do ‘‘lows” usually move 
across the United States? 

How do farmers make use of 
weather reports? 

Wliai ii. the purpose of each in- 

Picture 


Explained 
How are weather observations re- 
corded automatically? i -276 
What are “highs” and “lows” on 
a weather map? 1-277 
How may a person help the 
Weather Bureau? 1-278-B 

Think A bout 

striiment for measuring the 
weather? 

How are people warned against 
storms and floods by the 
Weather Bureau? 

Hunt 


Describe the instruments u.sed to 
study the changing weather? 
1-274 

How docs the Weather Bureau 
helj) ships at sea? 1-277 
How are valuable crops saved 
with the aid of w'cather re- 
ports? I 277-78 
What are some superstitions 
people hold about the weather? 


How is the wind at high altitudes 
observed? 1-278 


I 263-68 

Ht»w is atmospheric pressure re- 
lated to weather forecasting? 
I -259-67 

How may weather be forecast 
from stuc'ies made of the sun’s 
light and heat? 1- 266 


Related Material 


Practical A pplications 

How often do aviators in flight What necessary weather informa- 
rcceive weather rej^orts? i - tion does a ship captain receive 

278 before he sets sail? 1-278 

Li'isure^tinte A ctivifies 

PROJKCTNO. i; Make a wind T*R()JEUT NO. 2; Make u 

gauge and a weather vane, 14-- barometer and a rain gauge, 14- 

48. 48. 


Summary 

The Weather Bureau issues 
daily weather reports and weather 
maps made up on the basis of 
hundreds of readings of scientific 


Statement 

instruments located in hundreds 
of different stations in the United 
States. 
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I'hoto li> L' S \\ vui litT lliircuu 

These animals had no ark in which they could take contented. Their owners and other people in the 
refuge during the Mississippi flood of 1927, but they flooded area received valuable help from the United 
found this mound to take refuge on, and seem to be States Weather Bureau during the disaster. 

WHAT the WEATHER MAN DOES 

A Great Force of Trained Scientists Is Always at 
Work to Tell Us Whether It Is Going to 
Rain or Snow, Melt or Freeze 


OU and T can squint knowingly at 
the west, look at the weather vane 
and sniff the air for moisture, and, 
then if the sage prediction \ve bring forth 
l)rovcs to be altogether wrong we can con- 
veniently forget it and go on about our 
business. But the weather man must take 
more pains. He must sj)end all his time 
studying the weather s whims; and he cannot 
prophesy so light-heartedly as you or I. The 
record of all his forecasts is kept carefully 
and his mistakes are all chalked up against 
him. If our own prophecies go wrong, it 
seldom makes any difference, but often mil- 
lions of dollars hang upon his prediction. 

His task, too, is a very hard one. For 


the study of meteorology (me'te-6r-5l'6-jT) — 
the science of the weather — is quite young, 
and there is a great deal still to be learned 
about it. The Weather Bureau is con- 
stantly finding things out, but of course 
such discovery is slow and painstaking work. 
And meanwhile people clamor so loudly to 
be told what the weather is to be that the 
scientists on the bureau have to go ahead 
and do the Ixjst they can, though they 
often arc working in the dark. Even then 
they arc right more than four times out of 
five— and they almost never make a really 
costly mistake. 

It is only since the close of the Civil War 
that wc have had a Weather Bureau. At 
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that time Congress voted a small sum — less 
than fifty thousand dollars — to make within 
the army signal service a weather service 
for all the people of the United States. Gen- 
eral Albert F. Myer, chief signal ollicer of 
the army, was pul in charge of the new 
bureau, which was part of the War Depart- 
ment and was the fourth organization of its 
kind to be founded in the world. PYom 
this infant, our present far-tlung Weather 
Bureau has grown. It is now a part of the 
Department of Commerce. 

“Old Probs” 

The task of building up the bureau was 
not easy. Little was known then about 
weather science, and so often did the fore- 
casts contain the word “probably” that it 
was not long till General Myer came to be 
known as ‘‘Old Probs.“ But he and his 
handful of hel})ers did e.vccllent work. They 
laid the fountlation for an organizatkm that 
now employs nearly four thousand regular 
observers and forecasters and over six thou- 
sand volunteers, 'flic weather information 
is gathered by the most modern means of 
communication, and is made public to mil- 
lions who read it in the newspa[)ers and hear 
it over the radio. In fact, the weather fore- 
cast is the first item that many readers look 
for when they open a paper. P'or the 
weather is a fascinating .subject to nearly 
everyone. 

Wonders of a Weather Station 

A regular weather station is marvelously 
equipped to find out what is going on in 
the skies. There are thermometers that 
keep a record of each day’s highest and 
lowest temperatures. Others record — with 
j)cn and ink -the temperature at every in- 
stant of the day; they are called “thermo- 
graphs” (Lhur'mo-graf) “temperature writ- 
ers.” Then there are barometers (ba-rOm'- 
e-ter) for measuring the weight of the air 
and barographs (bftr'o-graf) for making 
records of its weight at every instant with 
pen and ink. Hygrometers (hl-gr5m'e-t?r) 
measure the moisture in the air, and rain 
gauges (gaj) not only kee|) an account of 
the amount of rain that has fallen during 


a day but also rect^rd each hundredth inch 
that falls during every minute of the day. 
Wind meters show the direction and speed 
of the wind, and sun.shine recorders tell the 
number of minutes during which the sun 
shines each day. Balloons carry instruments 
high alcove the earth’s surface to rejiort by 
radio the condition of the u|)per air. One 
can hardly think of any weather fact that 
some knowing little instrument does not re- 
veal and studiously write down in black 
and white. 

Volunteer observers are provided by the 
bureau with thermometers and rain gauges 
and take their readings at home, 'fhey 
make a rc[)ort of the highest and lowest daily 
temperatures, the direction of the wind, the 
time and amount of snow or rain, and the 
degree of cloudiness. 

How a Weather Map Is Made 

At a good many of the regular weather 
stations scattered over the country readings 
of the instruments are taken and rei)orls 
made at ever}' hour of the da\' aiul night 
throughout the year. I'hese reports are 
telegraphed by means of a sinqile code to 
all other stations and to the Weather Bureau 
in Wa.shingt()n. Kath station immediately 
sets down on a map the inhirmation it has 
received from all over the 'United Slates, 
the forecasts are prejiared, and the news- 
pajiers and radio soon carry the reports to 
readers and listeners. At the New Vork 
City station some three thou.sand special 
bulletins are sent out every day In shij)- 
pers, railroad oftices, jiost oftices, merchants, 
newspapers, educalinnal institutions, and 
various public jilaces. Intelligent peo|)le 
everywhere are learning to understand the 
weather. 

Weather maps arc very interesting and 
complete in the information they report from 
stations all over the country. A person 
with a little knowledge and imagination can 
tell from them what was the weather all 
over the Uniteil States at the time the re- 
I)orts were made— only a few hours earlier. 

Simplified versions of those maps are pub- 
lished in many newsi)apers. On such charts 
stations having the same air pressure are 
joined by lines called isobars (i's6-bar)— foi 
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The weather bureau serves aviators, fishermen, and along the coast, warnings to small craft wUl iKep 
people in many other walks of life by giving advance these fishing boats safe in their peaceful harbor, 
knowledge of the weather. If a storm is brewing Another signal will tell them when they can go to sea. 


“isohar” means “having the same weight. " 
'rh(»se lines iorni cireles around places marked 
High, where the air has jailed up into a dense 
ma.ss, and al.so around places marked I.ow, 
where the mass of air weiglis the least. A 
variety of dilTereiil lines indicate /ones or 
“fronts” -where there is contact between 
air masses tliat differ in moisture, temjiera- 
lure, and direction of flow. Small circles 
of one kind or another .show whether the 
weather was clear, cloudy, rainy, or snowy 
at a given station, and arrows show the 
direction and force of the wind. 

How a Cyclone Moves 

!t is from such a ma|) that the weather 
men in all the various stations make their 
forecasts. 'Fhc great cyclones whose centers 
are marked “Low” move eastward with a 
fairly regular speed usually about as fast 
as an express train -and four times out of 


live follow a regular jiath. It is that fifth 
time, when they swerve aside, that upsets 
the weather man’s |^ro[)hecies, for it is hard 
to tell when that i'^ going to ha|)pen. Then, 
too, a gnat many things besides the mere 
progress of a storm center must be taken 
into account in making a forecast tables 
and charts and records lor other years, d'he 
weather man needs both skill and knowledge. 
,Anv single foreca^^t is the result of care and 
e\|)erience on the i)arl of a great many per- 
sons the observers who report the condi- 
tions set down on the maps, the men who 
disiover the general rules for deciding what 
the conditions mean, and the men who apply 
the rules to the weather of any ]xirlicular 
day and localil}’. It is like a huge machine. 

In Times of Flood and Hurricane 

Jt is this machine that tells us every day 
what it is that the skies are probably going 
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to send us — and the mechanism pays for 
itself many limes over in property saved 
from destruction. There are times, as in 
the case of Hoods and hurricanes, when it 
saves hundreds of lives. A weather man 
never takes chances at such a time. Whether 
the frost or storm is certain to come or not, 
he sends out the warning, for “it is better 
to be safe than sorry.” 

Watchmen of the Skies 

Eveiy year in California tons of raisins 
are made from grapes. After the fruit is 
picked it is left on the warm ground to 
dry — or be “sun cured.” If a rain 
comes then the entire crop is ruined. 

Summer showers are very uncommon 
in California, but the Weather Bureau 
keeps close watch and if a rain * 

threatens, it sends out warning 
in time for the raisins to be ^ 

saved. It keeps the same close 
watch for frost when the or- i 

ange crop is still on the trees, J 

and for cold waves that would m 

bring loss to shippers. 

For airmen reports are sent 
out every hour, so that an avi- 
ator may know just whut is 
going on in the air next the 
ground and at higher levels. 

Whenever a vessel sails from 
an American port the Weather ' 

Bureau sends it the latest in- 
formation as to the kind of 
weather it is likely to meet on ’ 

the trip. Every storm that Hy u. a w„,i.„ b.™. 

sweeps the long lanes between . . . 

r. The balloon shown here is not 

American and European ports going to carry instruments. It 

isrecordeddailyonthewcather SSU* 

maps and signals are sent out ment on the tripod. By taking 
by wireless and telegraph to 

warn ships and planes in its the speed and direction of the 

wind at various levels. 

The larger rivers are seldom flooded with- 
out a warning from the Weather Bureau ter 
all in the way. Along the Mississippi alone 
many lives have been saved and millions of 
dollars’ worth of property rescued. For 
farmers, too, flood and weather warnings are 
extremely valuable. A great deal of the 
work of the volunteer observers is for the 


purpose of gathering information that will 
be important to agriculture. 

It is interesting and sometimes amusing 
that the testimony of the weather man often 
decides a case in court. In certain large 
cities such cases take a great part of the time 
of one of the members of the staff. No matter 
how often the weather man’s forecasts may 
go wrong, his records are always correct, 
set down in black and white by impartial in- 
struments and trained observers. In a fa- 
mous case some lime ago a witness swore 
that he had seen various things happen by 
the light of the moon, but the 
weather report showed that the 
sky was overcast the night of the 

S ime arul that no moon was visi- 
le. 1'here was little clou])t as to 
lo was telling the truth. 

All the above will show you that 
army of skilled and intelligent 
ieiitists is constantly at work to 
II us what the weather has been 
d what it is going to be witliin 
e next twenty four hours. 

Of late years the science of 
lalher forecasting has made 
[)i(l strides. During World War 
1 distinguished Norwegian scien- 
X named Jakob Bjerknes (byerk'- 
s) was able to arrive at a clearer 
understanding of what brings 
changis in the weather and so 
could work out better ways 
of forecasting them. When 
weather rejxirts were withheld 
rHur^i. countries at war he 

yn here » net ricVflop his air- 

astruments. It nuiss-aiul f ron t theory of 

[iterthe^fn^ru- weather format i<Hi in order 
od. By taking that his ow'ii people, then neu- 
‘er'oMmeasure ^ral, niigiit have the t)cnc)il of 
>u8^*evelB°^ predictions. Some years 

later his system was adopted 
by our own Weather Bureau and now is used 
in preparing all our weatlier forecasts. 

Before Professor Bjerknes made his Hnd- 
ings i)ublic no one had understood very 
clearly just how a Low wtis formed. Pro- 
fessor Bjerknes showed us that stormy 
weather is the result of the meeting of two 
great masses of air that differ in moisture, 
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temperature, and direction of flow. The 
line along which they are in contact is called 
a ‘‘front,” and it is there that Lows form 
and that the weather is unsettled. 

There is nothing very mysterious about 
the formation of the Highs that swing across 
our country. They are merely wide areas 
where cold air has jnlcd up into a vast low 
dome usually several hundred miles across, 
though only a few miles high. Such huge 
masses of cold air have tremendous weight, 
which the lighter warmer air cannot resist. 
They come pushing down from the frozen 
north-" currents of cold dry air rushing over 
Canada, or of cold moist air flowing down 
from the North Pacific. Somewhere along 
the northern half of our country they meet 
masses of W'arm moist air pushing up from 
the Gulf of Mexico or of warm dry air flow- 
ing up over the southwestern deserts. The 
line where the warm and cold air masses 
meet is called a “front.” If cold air is push- 
ing warm air back, we call it a “cold front” 
or “polar trout. ’ But if warm air is pushing 
ahead into colder air we call it a “warm 
front.” 

How a Low Is Formed 

Lows are formed when large masses of 
warm air come driving up from the south 
and meet ('oolcr air that i.s moving with less 
force. The warm air current overcomes the 
resistance of the cooler air and advances 
into it in the form of a great forward curve, 
lake a huge wave at sea the great curve, or 
“warm sector,” moves northeastward or east- 
ward as the warm air is swerved to the right 
in its rapid advance against the colder air. 

Meanwhile the wave of warm air is con- 
stantly getting taller and narrower as the 
heavier cold air pushes against its sides. At 
last a swirl is formed at the northern tip of 
the wave— or warm sector — and the winds 
begin to circle around the tip in the form of 
a great eddy. On the west side of the warm 
sector the cold air keeps on moving south. 
At the top of the sector the air flows in from 
the east. On the east side of the sector it 
flows up from the south or southeast. And 
inside the warm sector it continues to rush 
eastward or northeastward. The counter- 
clockwise swirl, or “cyclone,” which we have 


already described in our story of the winds, 
has now been set up, with the northernmost 
tip of the warm sector as its center. That 
point is the Low around which the winds 
circle. 

But to complete the picture we need to 
realize that as the warm air advances east- 
ward it rides rapidly up over the heavier cold 
air, which rests on the earth. That is to 
say, the warm front slants ahead and upward 
as it is pushed along by the weight of w^alrm 
air behind it. All along the front the ba- 
rometer is constantly falling. Of course the 
w'arm air is chilled as it rises. Its moisture 
condenses into clouds — at first high wisps, or 
“marcs’ tails,” and then lower cloud masses 
and heavy cloud ceilings, until at last nim- 
bus clouds are formed and moisture begins 
to fall. In other words, over a wide belt 
along the warm front —the eastern side of 
the warm sector — rain or snow is falling. 

When a Warm Sector Brings Fog 

Inside the warm sector — south of the Low 
— the clouds are broken or the sky may even 
be clear as the warm sector passes by a given 
.spot on its eastward journey. But if the 
W'arm sector is passing over a cold area its 
moisture may turn to fog. 

Now all the while that our warm sector 
is moving eastward, pushing back the cold 
air that lies in front of it, the cold air on the 
west is ])ushing hard behind it. And as the 
warm sei’tor gets longer and narrower it 
oilers less and less resistance to the cold air 
it has been displacing. The coUl air, mean- 
while, may perhaps have been reinforced by 
new masses of polar air rushing dowm from 
the north. The heavier cold air, or “cold 
front,” pushes hard at the back of the warm 
sector — that is, along the warm sector's 
western side — and noses under it in the shape 
of a thin w^edge of cold air that lies along 
the surface of the earth and pushes the warm 
air up. When this haj^ijcns the warm air 
that is forced up expands and is chilled, and 
then condenses into clouds and falls to the 
earth. In other words, along the cold front 
there is a narrow belt where rain or snow is 
falling. 

Usually the rain or snow along a cold front 
does not last long. The wind freshens. It 
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shifts to the north or northwest and some- contains a good deal of moisture, the moisture 
times rises to a gale. The temperature falls, will condense on rising and will fall as rain 
the barometer rises rapidly, the clouds break or .snow. 

away, and we have the sparkling, bracing Now you have hardly read all we have 
weather that lies under a High behind the had to say of the marvels of the weather 
cold front. In other worils, the Low has without realizing that, stale as the subject 
passed and a High has come to take its may be as a topic of conversation, it is one 
place. The heavy north wind finally dies of the most fascinating and important of 
down and gentle winds circle cUnkwise sciences -'though one that might be said to 
around the high pre.ssure area at the center be in its infancy. And it is one that peojile 
of the High. quite unlearnecl may help to forward. Many 

Sometimes the cold front moves east- a lonely woman on a distant farm may reach 
ward so fast that it overtJikcs the w'arm out her hand to touch tlie great world of 
front. In that case the air in the warm science by becoming a volunteer observer 
sector is squeezed between the masses of working under the Weather Bureau. And 
cold air in front of and behind it, and be- .she may be sure that lier effort is not lost, 
cause it is lighter it is pushed up till it rests but will go to swell the great stream of useful 
on lop of the cold air, which lies along the knowledge that men are gathering all over 
earth’s surface in every direction. Then wc the world. Many a cripple, bound to a 
have W'hat is called an ‘^)ccluded (b-kloTid') narrow circle around his home, may help to 
front.” It is likely to bring unstable weather, track down the roaming clouds and chart 
for if tile W'arm air that is high overhead the paths of the winds. 



lliflia dtosrtms s&OW bow i '*low**— the center of bed weether-'develops, end whet ite life hie tory is. 
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PHYSICS 


Reading Unit 
No. 1 


THE GEASE1.ESS ROUND OF MAl'rER 

i\otr: For basic in formation For statistical and current facts, 

not found on this page, consult consult the Richards Year Book 
the general Index, V oL 15. Index. 

Interesting Fticts Fxplained 

What do we ])elieve to h.ive been pounds? i 282-8.'^ 

the origin of the sun? 1-280 W'hal is the ‘daw of definite pro- 
When cJiti human beings first ap- portions.’* 1-28^^ 

pear fin the earth? i 281 Radium anfl radioaetivity. 1-283 

What is an atom? i 281 Electrons and protons, i 283-84 

What arc elements and com- Shall crini; the atom, 1- 284 

Things to Think /I hout 

How are all the sciences related? Why is there no definite number 

Who are the .scientists who helped of compounds? 

di.3Cover what we know about What adventures may a speck of 
matter? matter have? 

Picture Hunt 

What is the size of a salt mole- the early nineteenth-century 

cule? I 280 chemi.st have? i- 282 

What laboratory eciuipment did 

Related Material 

How may elements be formed Which elements are most active? 

from compounds? 1-544-45 i - 51 >. .S 47 

W’hal is meant by the spectra r How ma;, X ra> s be ii.sed to study 
the different elements? i 44 » the di^^eslive tract .•* 2 2 53-54 

How <io some atoms break up? W hy does molecular motion 
g -425 rejiresenl heal? 1-388 

W'hich are the inert elements? W’hal is the source of an atom's 
I-S 4 S, 547 energy? 1--352 

Practical A pplication.s 

How' has radium helped cure suit in the discovery of the X 

disease? 9- 42h ray' 1-361, 4 ^ 9 ^ 5 ^ 4 . 10— 

How did the study of matter re- 49- -95 

Summary Statement 

All matter is made up of into units called atoms. Differ- 

countless tiny particles of elec- ent atoms combine l<» make mole 

tricity. I>ifferent kinds of elec- cules. 

trical particles jajroiip themselves 
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A particle of salt so tiny that you could not taste it if it molecule in it, the salt particle would become a huge 
were dissolved in a glass of water contains billions of mountain, large enough to cover the city of New York, 
molecules. If this little particle of salt could be en- Atoms are smaller even than molecules. Electrons 
larged sufficiently for us to be able to see a single and protons are smaller than atoms. 


The CEASELESS ROUND of MATTER 

Our Bodies Are Made of Matter and We Live Our Lives in a World 
of Matter. Our Bodies Die, but Their Matter Goes on 
Forever. What Is This Eternal Substance from 
Which Everything in the World Is Made? 


rr^JlORE than two billion years ago a 
1 certain star, in its swift movement 
IbJI through space, came close to another 
star. Because they pulled upon each other 
with great force, vast amounts of matter 
were drawn out from both; and when the 
first star passed on, the second was left 
smashed almost into bits. Instead of a 
single huge ball, it was now a swirling scat- 
tered mass of fragments, some large, some 
small, but all wildly revolving about what 
remained of the original ball. 

To-day most men of science believe that 
the center of this seething mass became our 
sun, and that the larger fragments, in the 
course of time, became the planets. Our 
own planet, the earth, must, they think, 
have been born in this way. At any rate, no 
better explanation has yet been offered to 
account for things as they are. 

If we could travel back in imagination to 
that early beginning, we might see a tiny 


si>eck of mailer, onl}’ one of (jf^untless others, 
fall from .s])ace into the ball wliich became 
our earth. Other specks rained down upon 
it, threatening to imprison it forever; but 
the heat was so great that the speck melted 
and then boiled away into a gas. Before 
long, it found itself in an atmosjdiere sur- 
rounding the earth. A million years jmssed. 
The earth cooled. The speck of matter 
condensed and fell to earth again. For 
countless ages it lay upon the earth. Wind 
and water moved it now and again from 
place to place; but no important change 
occurred until life began. 

How or why life began science cannot 
say, but soon our speck of matter became 
part of the living body of a tiny plant. When 
this plant was eaten by an animal, the sixjck 
transferred its abode to the living tissue of 
the animal. Later the animal met with an 
accident and died. The body decayed and 
our speck of matter was returned to the 
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soil. But not for long! Another plant soon 
drew it up, dissolved in water, and built it 
into the structure of its stem. When a 
storm snapped the stem in two and the 
broken plant withered into dust, a wind 
eventually carried our speck to the top of 
a mountain. Washed down by rain into a 
stream, it found its way to the ocean. First 
in the body of a small fish and later in the 
bodies of larger fish, the speck traveled on 
practically unchanged, although many living 
things ate it and used it, only to die and 
release it to some other form of life. 

Adventures of a Speck of Matter 

Countless ages ago there apjiearcd on the 
earth the form of life which we call human 
beings. The same speck of matter which 
had lived in st) many different places in 
ages gone by, was also found in the body 
of a man. 'fhis same life cell (A matter 
became now [lart of a muscle, now [lart of 
an eye, was found now in the brain of one man, 
now in ] lood of another. Jt pla\cd its 
small but im])ortant part in seeing, in hear- 
ing. in feeling, and in thinking. At times it 
was part of a garment worn to protect man 
against cold; at other times it assumed a 
place in the wall of a man^s shelter against 
wind and storm. Its resting place was 
never permanent and always dilTerent; yet 
nothing could destroy it. 

In our imagination wc follow'^ the adven- 
tures of our speck of matter as it lived 
through the conquests of Alexander the 
Great and the triumphs of Julius Caesar. 
1 1 may have been i)rescnt on the vo}'ages of 
Columbus and have accompanied George 
Washington in his struggle for inde|H*ndence. 
One need hardly stretch one’s imagination 
to think of this speck of matter as i)resent 
in one’s own bcxly while one sits reading 
the pages of this book. 

What Is Matter? 

What is matter? What is this ageless, 
ceaseless, enduring tiling which is all alxnit 
us, out of which our bodies are made and 
upon which even our thoughts and acts 
depend? The answer is not easy to give. 
The most learned scientists of to-day are in 
doubt as to the truth about matter; for the 


more they learn the more baflling becomes 
the mystery. 

More than two thousand years ago, a 
Greek philo.sopher, Democritus (de-m6k'ri- 
tus), believed and taught that the whole 
world was composed of space and a vast 
number of particles of matter. The par- 
ticles were so small as to be invisible 
singly, and visible only when millions of 
them together formed an object, such as 
a book or a stone. He reasoned about 
matter in this way: Suppo.se you cut a stick 
in half; then cut one of the two resulting 
pieces in half; then cut one of those two 
resulting pieces in half. Continue this process 
for hours, days, weeks, until a piece is ar- 
rived at which is too small to see. Now, 
continue with the cutting, seeing wdth your 
“mind’s eye” and using an imaginary knife. 
Can one keep this up forever? “No,’* 
replietl Democritus, “one will finally reach 
a particle so small that no smaller may be 
had.’’ This last particle he called an “atom,” 
a word which in Greek means, “uncuttable.” 

The Four Substances of the Universe 

Whether true or false, the atomic (a-tom'- 
ik) theory of Democritus did not last. 
AnotluT Greek jihilosopher, Empedocles (Cm- 
ped'6-klez'), gave rise to a different belief 
about matter. All substances in the uni- 
verse, he thought, w^re made up of four 
different kinds of simpler substances: earth, 
air, fin*, and water. For more than a thou- 
sand yea IS this theory, or some variant of 
it, w’as the best idea that men could develop 
concerning that substance of which they 
anti everything about them w'as made. Be- 
cause the belief was not entirely satisfac- 
tory, the Arabian scientists added three 
new' elements: mercury, salt, and sulphur. 
Mercury, they believed, made objects glisten 
with a metallic luster; salt made bodies dis- 
soIvl ; and sulphur made substances burn- 
able. 

v\s soon as men came to believe that one 
substance might be changed into another, 
they set about finding means for transform- 
ing less desirable matter into more desirable. 
If only they could change lead and iron into 
gold! Here was a w\ay of becoming rich 
overnigjit. Every king and every prince 
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This is a chemist of the nineteenth century at work first really helpful answer to the question, “What is 
in his laboratory. His equipment was crude and his matter?** Upon the foundations he laid, later scien- 
materials few; but his patience and genius gave us the tists have built up a noble structure. 


of the Middle Ages employed a man of 
science — they called him an alchemist (211'- 
ke-mist) — to work at discovering the great 
secret of transforming matter. Many of 
these workers were just rogues and scoun- 
drels, who made much of the magical powers 
which they did not possess. But many of 
the alchemists were true scientists. They 
worked diligently and skillfully in their 
dirty little huts — the world’s first labora- 
tories — making discoveries and performing 
experiments which command the respect 
of scientists even to this day. Out of their 
efforts has grown the science of chemistry. 

How Man Changes Matter 

Needless to say, no alchemist ever dis- 
covered how to change lead into gold. We 
know now how extremely dilhcult a task 
this would be even in the most modern 
laboratory. Indeed, we are not at all sure 
that it is possible. It is certain that if we 
changed lead into gold l>y the mea..s now 
available, we should spend more than wg 
gained. 

That man can and does change matter in 
many ways to suit his needs is a great 
tribute to the scientists w'ho came after the 
alchemists and who revised the old ideas 
and beliefs concerning the nature of matter. 


It was not until the 17th century that 
the first great step was made in advancing 
our knowledge of what matter is. Robert 
Boyde (t627-i6()i), an Knglishman, was 
the first of several men of science to discard 
the old idea of a few simple substances and 
to propose the belief (hat all matter may' be 
divided into ^‘elements” and ^^compounds.” 
“An clement,” he said, “is a substance which 
cannot be split into simjiler substances. If 
it can be so split uj), it is a compound.” 

Then began a hunt for elements. Iron, 
silver, gohl, mercury, suljdiur, and many' 
other substances were proved to be elements. 
Oxy'gt‘n and hydrogen (hi'tlro-jCn) wen? 
discovered and also shown to be elements. 
This hunt has been continued to very recent 
times, for it is but a short while since the 
last tw'o elements were found. To-day wc 
believe that there are only ninety-two difler- 
ent elements found naturally in the earth. 
Scientists have been able to manufacture 
several more in the laboratory, but the total 
number which make up the earth is not large. 

'I'here is however, no limit to the number 
of compounds. New’ compounds are still 
being discovered and many are being made 
in laboratories every day. Yet, however 
new and strange a compound may be, it 
can be broken up into two or more of the 
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ninety-two elements of which everything on 
the earth is composed. 

The next step in man’s quest for knowl- 
edge about matter came with the work of 
John Dalton (1766-1844), an Englisli scien- 
tist. Dalton studied carefully and closely 
the manner in which elements combine to 
form compounds. He found that in any 
given comjiound, the same elements always 
combine in exactly the same ])roi)ortions by 
weight. This he called the “law of definite 
j)roportions.” Dalton also revived the old 
Greek atomic theory and gave it new mean- 
ing. An atom, according to Dalton, was 
the smallest possible ])art of an element. 

At about this lime, Avogadro (a'vo-gii'- 
dro), an Italian .scientist (1776-1856), ad- 
vanced the itlea of a “molecule” (m6re-kul). 
'fhis he defined as the smallest possible 
part of a comjxamd which could e\isl and 
yet be that coniiiound. 

Can Matter Be Created or Destroyed? 

To th'^ of Dalton and Avogadro, \\c 
must add a third idea, the jiroduct of J.a- 
voisier (la'vwa'zya'), French scientist 
(1745-1794). Observing the manner in 
which elements and compounds reacted, 
and weighing carefulh' the amounts of 
matter before and after reaction, Lavoisier 
concluded that matter cannot be created or 
destroyed, no matter what changes it under- 
goes. 

The work of Boyle, Dalton, Avogadro, 
and Lavoisier was the first great attack 
upon the mystery of matter. 

Not until the eiul of the nineteenth cen- 
tury did an\ thing happen in the world of 
science to cast doubt upim the ideas of 
Dalton, or to advance those ideas in any 
way. The atom, as the smallest j)ossible 
part of an element, and the molecule, as 
the smallest ])os.sible part of a compound, 
were accc|)ted as the last word in human 
knowledge of the nature of matter. 1 hen a 
startling phenomenon was brought to 
attention of the scientific world, and a 
wonderful discovery was announced by the 
most brillant of women .scientists. Pro- 
fessor Henry Becquercl (liCk'e-ri^r), working 
in his Paris laboratory on the element ura- 
nium (u-rri'nl-iim\ discovered that this 


substance was incessantly shooting off parts 
of itself — at least, something w'as coming 
out of uranium which could penetrate a 
sheet of metal and make an impression on 
a ])hotograi)hic plate. What was that some- 
thing, and what was left of the uranium? 
Before an answer could be found, one of his 
young students, Madame Marie Curie (kti'- 
reO, (1867-1934), assisted by her husband 
Pierre (j>yC‘r; Curie, (1859-1906), had founrl 
that an ore called pitchblende also behaved 
like uranium, but that its activity was much 
more powerful. Refining the pitchblende, 
they discovered a new element^ — radium. 

What Radium Has Meant to Science 

It is hard to tell in a few words what 
radium has meant to science, particularly 
what it has meant to our understanrling of 
the nature of matter. Actually, it caused a 
revoluf )n in the scientific world, turning 
many ideas topsy-turvy. It soon developed 
that radium — an element — was changing 
itself into lead. “Tmpo.ssible!” you say. 
^*es, if we jirojiose to hold to the belief in 
Dalton’s atom, it would, of course, be im- 
possible. But to be truly .scientific, we must 
be ever ready to accept new facts and to 
revise our ideas to fit those new facts. So 
we mii.st accept the fact that the atom is 
wd/ the smallest possible part of an clement ; 
for does not the radium atom break up, 
shooting otf jiieces from itself? We must 
accept the fact, also, that some elements 
can be rli.inged into others; for does not 
part of the radium change into leafl.^ The 
old alchemists were right after all, though 
for reasons the}' never dreamed of. 

What Do Atoms Contain? 

ll was most fortunate for science that at 
about the time when Madame Curie an- 
nounced the discover}' of radium and its 
Strang** and wonderful behavior, several 
other exi>erim"'nlers were studying the be- 
havior of eledricity when it was discharged 
through closed glass tubes. A striking fact 
appeareil. 'Vhe eli-ctric discharges resembled 
the di.scharges from radium. In fact, the 
resemblance was so close that each of the 
three kinds of radium discharges — for there 
were three kinds -cimld be com]iared with 
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each of three kinds of electric-tube dis- 
charges. The conclusion was plain: the 
radium atom was sending out streams of 
electric particles. Do atoms, then, contain 
electric particles? 

Men of science, particularly Sir J. J. 
Thomson and Lord Rutherford, two emi- 
nent Englishmen, gave 
emphatic answers to ^ 

the above question. 3 
“Decidedly, yes!” they ^ 
said. “Not only do 
atoms contain electric 
particles but they con- 
tain both kinds of elec- 
tric particles, positive 
and negative.” To the 
negative electric par- 
ticle was given the 
name “electron” 

(e-lck'tr6n); and to the 
positive particle, “pro- 
ton” (pro'tftn). In ig .^2 
James Chadwick in 
England found that 
certain atoms could be 
made to give up parti- ^ | 
clcs which have no elec- 
tric charge. Careful in- 
vestigation, however, 
showed that this par- 
tide, called a “neutron” rhotu hy soibeimun syndicate 


about this new knowledge, but for the 
present it is enough to say that the mystery 
of matter has been solved to this extent: 
we can say that matter is electricity and 
electricity is matter! 

Perhaps our reader has been wondering 
whywe begin our story of physics with so much 
that is chemistry. In 
certain parts of this 
chapter we have also 
referred to matters be- 
longing to astronomy, 
to geology, and to bi- 
ology. It is because 
modern science has 
been breaking down the 
lines of division be- 
I tWTen the special sci- 
ences. I'hemore wt learn 
about one science, the 
more we know about 
the others, for they are 
al 1 r(' la t ed . T n j)a r I ic ii la r , 
it is necessary for us to 
have a good under- 
standing about the na 
ture of matter if we are 
to appreciate the story 
of physics. Physics is 
above all the study of 
mat ter In motion. 
When a physicist 


(nuTr6n), was nothing This is Madame Curie and her daughter, Madame (fl//l-slst) speaks of an 

mnri> thnn » nrnfnn 'inrt Irene Joliot. Madame Curie helped in the dis- .. 

more man dproion ana turned topsy-turvy the a mahs, or a 

electron in such close nineteenth century ideas as to the nature of matter, body, he means any- 
I'rsn iVi/v.'r daughter, an able scientist in her own right, is - i 

combination that their helping, by her remarkable experiments, to thing W'hich occupies 

opposite elec trie charges clear up the mystery of matter. In all their work, snace' but he under- 
_ ^ 1 1 ^ ^ ,1 _ both these scientists codperated closely with their * , , , , . , 

canceled one anotner. husbands, whose contributions to science are of Stands that that which 

Years of painstaking the first importance. occupies space is, in 

and ingenious experiments follow'ed, in order the last analysis, a group of electric jiarticlcs. 
to check and prove the conclusion that with- The same is true when he speaks of matter 


in the atom there were particles of electricity. 
And proved it was! To-day .scientists arc 
concentrating on the task of shattering the 
atoms of many different elements, in order 
to learn something about how the various 
particles are arranged within the atom, and 
to discover, if possible, just what these par- 
ticles really are. 

How All Sciences Are Related 
In a later chapter we shall learn more 


occupies space is, in 
the last analysis, a group of electric jiarticlcs. 
The same is true when he speaks of matter 
which remains at rest unless a force acts to 
change thal state of rest; or when he studies 
the many different ways in which matter 
may act upon mat t er . 1 1 e always remem bers 

that he is talking about countless billions of 
tiny electric particles. The hand with which 
he writes, the chair on which he sits, are 
made up of countless tiny particles of elec- 
tricity. Most of us find this hard to believe. 
But it is a comnioniilace to the physicist in 
his laboratory, who must bear it in mind. 
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Reading Unit 
No. 2 


HOW MATTER BEHAVES IN MOTION 


Note: For basic injor^nation 
not found on this page, consult 
the general Index, Vol. jj. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


Interesting Facts Explained 


What goes on inside a stick lying 
motionless on the ground? i— 
287 

What does the scientist call 
motion in a straight line? i— 
287 

W^hat arc other kinds of motion? 
I 287 

What is the path of planets 
around the sun? i *288-89 


Docs a planet travel in its orbit 
at a constant speed? 1—289- 
90 

Will a loo-pound cannon ball 
and a -pound weight fall to 
the ground .at the same time if 
dropped from the .same height? 
1-290 

How does a clock keep time? 
I 292 


Things to 

How were moving things timed 
before the discovery of the 
pendulum? 

How did Kepler work out the 
laws of jihinetary motion? 


Think A bout 

How does the work of one scien- 
tist depend upon the work of 
other .scientists? 

How can a train be made to ride 
on a single rail? 


Picture Hunt 


What makes an automobile How iloes a gyroscope work? i- 
enginc work? 1-287 291 

R elated Material 


What is the importance of sun- 
light to life? 1-199,2-^21 
How d<)e\s the motion of the 
earth about the sun affect the 
sea.sons? i— in, 201-3, 206-8 
How' is time u.sed in music? 12— 

215 

How is the calendar constructed? 


10 -475-J^.^ 

How is the correct time trans- 
mitted to ships at sea? 10- 
469 

How was water used to keep 
time? 10 461-62. 12-27 

How does gravity bring water to 
many communities? 10-549 


Practical Applications 


What docs the rapid expansion of 
molecules have to do with 
transportation? 1-287 

PROJEC r XO. r : Perform 
various experiments with a 
gyroscope to show the behavior 
of moving bodies, 1-291. 


How was Galileo's study of the 
pendulum applied to clocks? 
1-287-92 

PROJECT XO. 2: Perform 
Galileo’s experiment with falling 
bodies, 1-292. 


Leisure^time Activities 
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Consider the many different motions of a man walking 
through a moving train. He moves with respect to 
the train. The train moves with respect to the earth. 
The earth not only spins on its axis, but moves about 
the sun. The sun, carrying its entire family of planets, 


moves through space at a speed of about twelve i 
a second. And that is not all, for there is every reason 
to believe that the whole universe of which the sun 
is but a single star, is itself moving through space. 
Three of these movements are indicated above. 


HOW MATTER BEHAVES in MOTION 

Physics Begins with a Study of Matter in Motion, and the Early 
Physicists Performed Great Feats in Ferreting Out Some 
of the Laws That Govern the Various Motions 


N dear! of niglil, just befoTt* 

dawn, the world seems at rest. Dark- 
ness and stillness envelop the earth. 
Traffic ceases. Human beings arc in deei> 
sleep; bird and beast are in their places of 
shelter. I^vcn the fluttering and buzzing 
insects arc stilled, nowhere to be seen. The 
dim outline of trees against the massive hill 
shows the trees as motionless as the hill 
itself; for the tireless breeze too has j)aused. 
In the heavens the fixed stars .send out their 
feeble light upon an earth that for the 
moment seems deathlike in its quiet. 

Yet beneath this outward calm the' world 
is a seething, turbulent collection of moving 
bodies. The earth itself, we know, is spin- 
ning around on its axis. On its surface at 
the Equator the very mountains are being 
hurtled through sj^ace at a speed of over a 
thousand miles an hour. The entire earth 
is traveling through space around the sun 


at a speed i)f nearly twenty miles a seron.I. 
The sun itself is not at rest; for it is sj)inning 
like a top, and in addition is carrying all 
the planets with it through si)acc at a speed 
of twelve miles a second. Day and night 
the moon draws up the ocean’s waters in 
the swell of the tide that dashes its foamy 
crests upon the shore. Nor are any of the 
stars really fixed; many move faster than 
the sun. 

Upon close examination even the seem- 
ingly motionless things about us arc found 
to be moving cca.selessly. Invisible currents 
of air move down toward cold objects and 
up from warm ones. Leaves sway gently 
to and fro. Within the fixed and solid 
trunk of a tree streams of water and nourish- 
ment arc constantly coursing up and down 
from root tip to topmost leaf. Within the 
human body asleep, the heart still beats, 
the blood still Hows, and the lungs sl”l 
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instrument played, the body which causes 
the sound, the air around this body, and 
our eardrums when the sound is heard, all 
move in the to-and-fro 
^ manner. We can ap- 
prcciate how important 
' W such motion is when we 

^ realize that human 

^ speech, all music, the 

telephone, and radio 
loudspeakers, all dc- 

J ||||H pend upcii 

and are 
plained by 

Iwen more A 

does such 'fl 

motion be- '‘H 

come when H 

rhuto Ity lTnd<>rnrKtil k. ... i« i 1^1 

Underwood itlSappllCd 

™!5 5.®' J n ..*® <0 the field jfl 

send the ball over the . , , . . 

fence. In its flight the of elcctrici- 
ball will follow a curved fv 

path. Mathematicians .>* 4 .^ MA 

who have studied such it makes 

curves caU them *'pa- rin c c ; h 1 ^ ^B^^H 

distance transmission of power, 

radio broadcasting, and tele- Aswestudrth 


rhuto l»y lTnd<>rnrKtil k 
Underwood 


to Study under the Danish astronomer, 
Tycho Hrahe (te'ko brii'd), the greatest fact 
collector of his age. Brahe devoted a life- 
time to making observations through a 
telescope and to recording these observa- 
tions with the minutest care. When he 
died, he willed his tables of facts and figures 
to Kepler. 

Now Kepler was greatly fascinated by 
the regularity of movement of the earth and 
other planets around the sun. Pirm in the 
belief that a law of nature de- 
I termined the planetary move- 

L ments, the size and shape of 

their paths, and the speed of 
their travel, he set out to dis- 
^ cover that law. The means at 

|l|. his disposal were the wonrlerful 

■H set of figures so jxiinstakiugly 

mM asscmbletl by his teacher and 

friend, T>Tho iirahe. 

In the beginning, two things 
interfered with Kepler’s success. 
ML In the first ])lace, only five of the 

B^ nine plan- 

|H|| ets 

known to 

him. ih- ‘i ^ 




Johannes Kepler’s claim to motion in a 

fame is often based on his work droppe 
, as in the pn 

in astronomy, rather than phys- travel downv 

ics; yet it was his life and work 
which more than any one thing made pos- 
sible the discoveries of Galileo rgitrMe'o) 
and Newton — the founders of modem phys- 
ics. Kepler was born in 1 57 1, at a time when 
suf>erslition and intolerance were rampant. 
Men were afraid to say what they believed 
if their beliefs contradicted the teachings of 
accepted authority. Persecution, ridicule, 
and even death were their punishment. The 
modern spirit of truth seeking through ex- 
perimentation and the study of facts, had 
not yet bc*en born, and would hardly have 
been understood even by the best thinkers 
of that day. 

In early life, Kepler had the good fortune 


'iB^ 

As we studp the ways of mov- might be T 

ing matter we recognize a sec- others ^ I 

ond style of motion; namely, n ' ^ B / I 

motion in a straight line. A Secondly, 9 'M/ ■ 

stone dropped from a height, V.,. .icenmofl t m! ■ 

as in the picture above, trill <‘SSUnie<.l t W ■ 

travel downward in a straight that the H 

traveled in true circles \ tM I 

around the sun. The ,|«B||||g|||| 
circle had a strange and 
mystical meaning for " f * 

men of his lime; it was The third kind of mo- 
thought to be as a sym- 

bol (sim'bol), or repre- and-fro motion, such 

r f ,. as is found in a swing- 

scntatlon, of perfection, ing pendulum. Physi- 

What more natural than e»»‘» »« jt «» “P*- 

thal the heavens should 
obey the law of i>crfeclion! For years Kepler 
slaved night and day, calculating and re-cal- 
culating, discarding and beginning again, 
only to find that if the planets really moved 
in circles, then all of Brahe’s figures were 
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One of Kepler’s conclusions as to how planets travel 
about the sun placed the sun at one of the “foci” of 
an ellipse. A planet travels from A to B in the some 

wrong! But Brahe’s figures did not depend 
upon theories; they were facts. Kepler 
could not doubt their reliability. Clearly, 
there was bnt one conclusion. rUinets did 
not move in circles. 

What Paths Do Planets Follow? 

What sort of path, then, did they follow? 
An oval jiath, perhaps; and so he tried to 
fit his figures to an ellipse. It worked! 
KvTry observation of T)’cho Brahe found 
its jiroper jilace. It was like fitting together 
all the jjieces of a comjdicatcd jig-saw puzzle. 

In this way Kepler solved the first great 
j)roblem of moving bodies and gave to the 
kvorld a set of jihysical laws that govern the 
movement of planets around the sun. Let 
us consider brielly what these laws are. 

There are many ways of stating the con- 
clusions which Kepler drew from the tables 
of facts and figures left to him by Tycho 
Brahe. Perhaps the simplest and most 
satisfying way is in the language of mathe- 
matics; but since few of our readers have as 
yet learned this advanced language, we shall 
try to express these ideas in words rather 
than in symbols. 

Kepler’s first conclusion was that all 
planets move about the sun in elliptical, or 
oval, paths, with the sun at one of the two 
center points, of “foci’’ (fo'sT), which all 
true ellipses have. Thus, each planet in 
the course of one complete revolution about 


time that it takes to travel from C to D. Hence, 
planets move faster when close to the sun. Kepler 
proved that area No. x is equal to area No. 2. 

the sun is constantly changing its distance 
from the sun. In the case of our own earth, 
this distance is sometimes as short as ninety- 
two million miles and sometimes as great as 
ninety-four million miles. When we refer 
to the earth as being ninety- three million 
miles away from the sun, it is the average 
distance we have in mind. The same change 
in distance occurs in the case of the other 
jdancts, though two of them travel in paths 
that are closer to the sun, and therefore 
shorter, while the rest of them travel in 
j)ath.s that arc further away from the sun, 
and so longer than our owm. The planet 
most distant from the sun and the one dis- 
covered only recently is called Pluto. Its 
average distance from the sun is about three 
billion, six hundred million miles. 

When Does a Planet Travel Fastest? 

The second conclusion of Kepler had to 
do with the speed of travel of planets along 
their paths. ICach planet travels faster 
when nearer the sun than when further 
away from it. An interesting way of showing 
just how fast each planet travels is to imagine 
a line drawn from any planet to the sun. 
As the i>lanet moves, this line sweeps through 
a kind of triangular area very much like a 
piece cut from a round pie or cake. Now 
Kepler proved that the line we have just 
spoken of sweeps through equal areas in 
equal times. Thus, in the course of a month, 
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an imaginary line from the earth to the sun between the squared quantities and the 

sweeps across a triangular area of a certain cubed quantities. If this idea is not alto- 

size and shape. During any other month, gether clear to some of our readers, they 

this line sweeps across a triangular area of can at least understand this: that Kepler 

different shape; but the size is the same. If had devised a way of calculating how far 

these areas were pieces of pie, we should away any planet is from the sun by meas- 

each month have a differently shaped piece uring the length of time it takes that planet 

of pie; but the amount of pic would be the to complete one trip around the sun and 
same. comparing it with the earth’s time of revo- 

The third of Kepler’s conclusions, or laws, lution and distance from the sun. 
had to do with the relation- ...emblage of wi.. (1564-1642) was an 

ship that exists between a men, GalUeo mounted to the top of Italian by birth. Throughout 
planet’s distance from the sun was a great friend of 

and the length of lime it takes hundred-pound cannon ball. Kepler, following closely all 

the planet to complete one Stuck* the* earth *S*the**sain Kepler’s work and communi- 

revolution. Tie found that if stant. This, he thought, was con- eating with him constantly 
. . - , . viucing proof that heavy and hght , f r • m u 

the time of revolution is objects fall with the same speed, about matters of science. 1 he 

squared— that is, multiplied ways of thinking three hundred much in com- 

by Itself — and the distance wise men refused to believe what mon. both were interested in 

from the sun is cubed — that is, astronomy, in the problems of 

multiplied by itself twice-- matter in motion through space; lioth sought 

then a direct proportion exists truth in nature through experimentation 
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and the accumulation of facts; both revolted 
against ancient authority and as a result 
.suffered ridicule and ])ersecution at the 
hands of their fellow men. 

Galileo’s Laws of Motion 

fn one respect, (ialileo was different from 
Kepler. His interest in moving matter ex- 
tended to everything about him, and w^as 
not confined to matter in space. Galileo 
came early to the belief that if laws goviTiied 
the movements of [ilancts, the same laws 
must govern the fall of an apple, the blowing 
of the wind, the motion of the waves, or 
the sw’ing of a pendulum. Also, Galileo 
was more biting, more sarcastic, and more 
emphatic in his criticisms of ancient au- 
thority; so he suffered more at the hands of 
those who upheld the writings of the old 
philosophers. 

Trorn his earliest childhood (}alileo had 
shown a great talent for mechanical inven- 
tion. His wonderful toys and little models 
were a delight to his friends. He was always 
absorbed by things that moved. The story 
iN told that while he was still a young man, 
Galileo became inter- 
este.d in a certain 
M— — ^ .swinging lamp which 
was suspended from 
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RAPIDLY R^OLVINQ WHEEL Sl'fJT i?.5 

^ y points east, let us sty, and is kept spin- 

flK ning, it will keep on pointing east no 

1 1 matter what the ship’s motion. 


WHEEL-4/ 


QYHBAL 


Just as a top resists 
the force of gravity 
and remains upright 
so long as it is spin- 
ning, so a spinning 
gyroscope will resist 
any force that tends 
tc change the direc- 
tion of the axis around 
which it rotates. 



CYMBAL 


path of rotation 


^ The gyroscope is 

C used in many ways. 

Attached to a tele- 
scope, it can keep the instrument point- 
ing steadily at the stars, even thou^ the 
support wobbles, as it would on a rolling 
ship. In fact, the ship itself can be kept 
steady in a stormy sea by a large 
and powerfully driven gyro. 
Torpedoes speed true to 
their mark when a spin- 
ning gyroscope is part 1 1 rs 

of the mechanism, 
and airplanes can .^ 0 ^ 
ride more smoothly 
through a proper use 
of the gyro. 


The illustration 
at the left shows 
what is known 
as a spinning 
gyroscope’s 
'’double mo- 
tion” when it is 
allowed to re- 
volve around a 
central point of 
support. 


The two pictures 
above at the left 
show how the revolv- 
ing wheel keeps its 
position even when . 
the frame is tilted. * 



Two amusing and in- 
teresting tricks that 
I anyone can perform 
with a toy gyroscope 
are shown in the two 
pictures directly 
above. At the top, a 
rapidly spinning 
gyroscope is hold- 
ing itself 
up, even 
though 
supported 
only at one 
end. The 
spinning 
gyroscope 
below 
travels 
down an 
incline 
made of 

■ ■ tightly 
stretched 
ISUBL string. 


I Mr. Louis 

Brennan, an 
Englishman, invented this 
swift and economical 
monorail car which is bal- 
anced by powerful gyro- 
scopes. 
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the ceiling of a cathedral. Instead of idly 
watching the to-and-fro motion, as many 
another boy would do, he studied closely 
the time of its swing. There being no 
watches in his day, he used the regular 
beating of his pulse as a means of timing 
the swings of the lamp. At once he ran 
into a puzzle. Why was it that the num- 
ber of swings in a given time was always 
the same, whether the lamp traveled through 
a large arc or a short one? Could the num- 
ber of swings in a given time be changed in 
some way? How? 

Timing the Pendulum’s Swing 

And so he went home to experiment with 
swinging pendulums. He tied weights to 
strings and sus|)ended them. He tried 
weights of wood and weights of metal; he 
swung them through short arcs and long 
arcs; he used round weights, cylindrical 
W'eights, and irregular pieces of stone; he 
made his strings long and short. To his 
surprise, he found that for small arcs only one 
thing changed the number of swings in a 
giyen time — the length of the jrcndulum. 
Later he carried his calculations to a 
point where he could predict in advance the 
rate of swing of any pendulum if he knew 
its length. Thus the law of the pendulum 
was discovered. 

Even before the exact law was discovered, 
Galileo put his pendulum to practical use. 
If the beat of a person’s pulse could be used 
to time a pendulum, w'hy could not a swing- 
ing pendulum of known length be used to 
time a person’s pulse. This, as one can 
well imagine, was a great help to the physi- 
cian, and marks a great step in the advance 
of medicine. 

Some years later, Huygens (hl'gSnz), a 
Dutch astronomer, invented a pendulum 
clock; in this way Galileo’s interest in matter 
that swings to and fro resulted in a means 
for timing more accurately the swing of 
heavenly bodies through space. The pendu- 
lum clock and the modification of it which 
we call a watch — for a watch is regulated by 
a to-and-fro balance wheel — are the time- 
pieces which we use to this day. P'or it is 
only a few years since electric clocks were 


devised, to depend for their regularity upon 
a princijdc different from Galileo's pendulum. 

Kepler’s laws of motion in a curve and 
the law of to-and-fro motion in a pendulum 
caused Galileo to turn his attention to other 
kinds of motion. Soon he was absorbed 
in bodies that slide and roll downhill, and 
in bodies that fall straight to the ground. 
Among the writings of the famous Greek 
philosopher Aristotle (a.rTs-tot'’l) was the 
statement that heavy objects fall faster 
than light ones. This sounded like common 
sense. No one questioned the idea. No 
one would dare question the authority of 
Aristotle. But Galileo did dare to question. 
Like the true scientist he was, he experi- 
mented with falling bodies, measuring their 
weights and timing their fall. 'Jo his amaze- 
ment, he found that Aristotle was wTong 
He could prove it. When the learned men 
heard of his idea thiit heavy and light ob- 
jects when dropped at the same instant 
reach the ground at the same instant, they 
were up in arms. The\' scolded and 
threatened. I'hey laughed and ridiculed. 
They brought Galileo to trial for his beliefs 

Galileo accepted the challenge and re- 
quested that he be i)tTmitte(l to demonstrate 
the facts. Before a large assemblage of 
wise men he mounted to toj) of the 
Leaning Tower of Pisa (pe'za). Then, be- 
fore their very eyes, ho released a half-i)ound 
weight and a hunrlred-pound canjion ball. 
Dropped together, they fell together. He 
had triumphed. 

But so strange were the ways of thinking 
in Galileo’s time, that many of his audience, 
in spite of what they had seen, ran home to 
find the exact page and line in Aristotle’s 
writings which denied the thing which Gali- 
leo had proved! 

Tt took time, patience, and courage, as 
well as genius and hard work, to establish 
the method of science and to bring new 
knowledge to the world. Galileo was a 
pioneer—one of the ver>' first to show the 
way. In the next chapter we shall Icam 
more of his achievements and contributions, 
particularly about the ways of falling bodies 
and the reasons why matter moves as it 
does. 
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PHYSICS 


Reading Unit 
No. 3 


WHAT MAKES MATTER MOVE? 

Note: For basic information For statistical and current facts, 

not found on this page, consult consult the Richards Year Book 
the general Index, VoL 15. Index. 

Interesting Facts Explained 

How do men succeed in jumping speed of objects moving down- 

safely from great heights? i— hill? 1-295 

294 What happens to the speed of an 

How fast tio all objects fall in a object as it falls? 1-296 

vacuum? 1-295 What is meant by momentum? 

What did Galileo use to time the 1—297 

Things to Think About 
An object shot out horizontally Why? 

and another object allowed to How far will an object have 

drop straight down from the traveled ten seconds after it 

«nme point at the same instant, has been dropped from a high 

will hit the ground together. point? 

Picture Hunt 

At what rate does the speed of a How did Galileo defend himself 
falling body increase? 1-296 and his ideas? 1-294 

Related Material 

What were Galileo’s astronomical work? 1-369, 10-549 

discoveries? 1—127, 148, 155- How is an automobile acceler- 
56 ated? 10-289 

How did Galileo prove his How did Newton discover the 

theories? i 294 laws of gravitation? 1-103, 

Why do objects fall to the earth? 30 1 

i' 303 What is the famous story of the 

How can falling bodies be put to falling apple? 1-14 

Practical Applications 

How may the speed of a falling How may the acceleration of fall- 
aviator be checked so that he ing bodies be used in construc- 

may reach (he ground in tion work? 1-296 

safety? 1-294-95 

Leisure-time Activities 

PROJECT NO. T ; Show that PROJECT NO. 2 ; Estimate the 
two falling bodies which start to heights of buildings by timing the 

fall at the same time will reach fall of small objects dropped from 

the ground together, 1—295. those buildings, 1—296. 

Summary Statement 

In, order to make a body start its motion, a force is required, 
movidg, stop moving, or change 
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F'holo by Aliuari 


Because Galileo sought truth by experimenting rather him using actual facts in an attempt to prove that his 
than by referring to the writings of great men of the beliefs are true even though they may contradict the 
past, he was compelled to stand trial. Here we see writings of the older, accepted authorities. 

WHAT MAKES MATTER MOVE? 

"Forced* Is a Push or a Pull Which Can Change the Motion of 
Matter; and This Story Will Tell You What Scientists 
Mean by the Word 

RED was puzzled. lie had read the thought of a j)arachule jumper escaping 
story of Galileo at the Leaning Tower from an airplane in trouble. Recalling a 
of Pisa (pe'za) and, of course, he motion j)icture he had seen, he remembered 
was glad that the founder of modern science that the aviator first shot downward like 
had triumphed. If, after more than three any heavy stone, but that the opening 
hundred years, the world still believed that parachute soon retarded the fall so corn- 
heavy objects and light objects fall to the j)letely that the man lighted gently upon the 
ground at the same instant if dropped to- ground. Surely a man falls faster than does 
gether from the same lieight, then it must an open parachute; for if the strings are cut 
surely be so. lie sympathized with Galileo be- the man is killed. The more Fred thought 
cause of the torture to which the latter was about the mailer, the more puzzled he be- 
subjccted and he admired the man for his came. Finally, he took his problem to Uncle 
heroic courage. Put somehow he was dis- John, who knew a great deal about science 
satisfied. A little ashamed of his doubts, and liked to help boys with their experi- 
he waited until no one was looking and ments. 

dropped a marble and a slip of paper from Uncle John smiled as Fred explained his 
his study window. He heard the click of doubts concerning the Leaning Tower of 
the marlile as it struck the pavement; but Pisa story. “Fred,^’ said he, “let me see 
there was his pajxir still lluttering on its you drop your marble and paper.” Quickly 
w’ay to the ground. He tried it again and Fred produced from his pockets the necessary 
again — and alw^ays with the same result, materials and ran to the window of Uncle 
Was Galileo wrong, after all? When he John’s laboratory. “Just a minute!” cried 
dropped a small and a large marble together, Uncle John. “Before you drop them, do 
he was not quite certain which struck first, you mind if T look at the. slip of paper?” 
He could not be sure that he had let them Surprised, Fred gave him what he wanted, 
go exactly at the same moment. 'Phen he For no apparent reason, his uncle proceeded 
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to crumple the paper in his hand until it 
was a tightly squeezed wad no larger than 
the marble. “Now, go ahead and drop them 
together,” he said. “All right,” said Fred, 
“crumpling the paper doesn’t increase its 
weight.” With head out of the window, 
Fred watched carefully. He was amazed to 
.see that the paper hit the pavement almost 
as soon as did the marble. “Well, what do 
you think?” laughed Uncle John. 

Does Air Make the Difference? 

An idea suddenly dawned upon Fred. “I 
think T see,” he cried. “Has the air any- 
thing to do with slowing up the paper when 
it is spread out?” “Well, now, that’s a 
brilliant idea,” said his uncle, “I wonder if 
we can put it to a test.” 

P'rom a cabinet in the laboratory, Uncle 
John removed a long glass tube closed with 
a brass cap at one end but provided with a 
narrow nozzle at the other. Inside the 
tube, which was about an inch and a half 
in diamt tu- and about three feet long, could 
be seen a round metal disk and a piece of 
tissue paper of the same size and shape as 
the disk. As the tube was quickly turned 
upside down, Fred could hear the clank of 
the metal striking l)ottom; but the tissue 
sailed downward slowly and gently. When 
it was inverted again, the same thing hap- 
pened. The heavy metal fell faster than the 
light tissue paper. 

“Now,” said Fred’s uncle, “let’s get rid 
of the air in the tube. If tliero is anything 
in your idea that air retards the fall of ob- 
jects, taking the air from the tube will prove 
something.” 

What the Experiment Proved 

The nozzle end of the tube was then at- 
tached to an air pumi), and the pump was 
set working until it seemed tliat most of 
the air must have been withdrawn from the 
tube. Eagerly, P'red inverted the tul)e. 
The disk and the paper fell together. They 
struck bottom at the .same instant. Re- 
jxjated trials gave the .same result; but as 
soon as the air was permitted to enter the 
tul)e, its effccK^was to retard the falling 
paper much more than the falling metal, so 
that the metal struck bottom much sooner. 


P'red was delighted with the experiment, not 
only because he had learned something new 
— namely, that air offers a resistance to 
bodies moving through it — but because he 
now really understood why Galileo was right 
and Aristotle wrong. 

If the wise men of Galileo’s day had all 
been like Fred, it would have been a simple 
matter to make them believe that air re- 
sistance alone caused light bodies to fall 
more slowly than heavy ones. But we must 
not forget that while Fred lives in a world 
that has learned to seek truth by experiment, 
Galileo was a pioneer whose ways of thinking 
were strange and new to jjractically everyone. 

Galileo’s Experiments with Falling Bodies 

In spite of ridicule, therefore, Galileo jxir- 
sisted in his beliefs and in his experiments. 
In order to learn more about falling bodies, 
he caused bodies to fall in many dilTerent 
ways. Once he arranged a contrivance by 
which he could shoot a ball outward hori- 
zontal!}' while a second ball was released 
from the same spot to fall straight down. 
He w'as surprised to find that both balls hit 
the ground at the same instant. Of course, 
the first ball, having been given a horizontal 
push, landcfl some distance away; but in so 
far as the iiclual falling was concerned, it 
W'as the vertical height alone w'hich de- 
termined the time of fall for both balls. 
Why was that? It began to look as if all 
bodies w'cre being pulled ilownward in such 
a way that neither their weight nor any 
other j)ush or j)ull ui)on them affected their 
si)eed of fall. 'That being the case, Galileo 
set up a long inclined plane down which he 
could roll a ball. The height of the top end 
of the incline was easily changed at will. 
The long slope contained a groove in w'hich 
the ball could roll, and was marked off into 
equal units of distance. In order to measure 
the time taken by the ball in its travel dowm 
the sIojk;, lie arranged a pail of water W'ith 
a small hole in the bottom. The w'atcr 
trickled out of the hole into a cup — the 
more time, the more water. He knew' the 
length of time by weighing the amount of 
water in the cup. A very crude clock it w'as, 
to be sure — but this was in the day before 
modern clocks and watches. 
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With this arrangement, Galileo could now 
observe bodies that were forced to fall 
slowly; for that is what bodies do when they 
roll down an incline. And although they 
fell slowly enough so that Galileo could time 
them at every point, yet the same pull was 
operating upon them as the pull that is 
responsible for the more rapid fall of any 


found this to be exactly thirty-two feet 
a second for every second. This was a 
very important discovery. Galileo could 
now say that all bodies, heavy or light, when 
dropped from a height, fall ^'ith an ever- 
increasing speed. After one second of fall 
this speed is thirty-two feet a second. At the 
end of the second second of fall, the speed has 


object released from a Our readers will be interested in the foUowing become sixly-four feet a 


height. 

What did Galileo learn 
from all his measure- 


A Body That 
Has Fallen for 


Reaches a 
Speed of 


And Has 
Covered a 
Distance of 

V-/ 1 second 32 feet a second i6feet , 

ments? Merely this — that (h) 2 seconds 64 feet a second 64 feet second; and so on. Every 

a baU rolUng down an in- ifsfHtSMMSd IsefHt second the speed increases 

dine increases its spee<l at (?) s seconds z6o feet a second 400 feet another thirty-two feet a 

a constant rate. If, at the (g) ^ seconds 224 feet a second 784 feet second. A body falling 

end of the first second, the 1^) 1,024 feet freely to the ground for 

j II . ^ \ . (i) 9 seconds 288 feet a second 1,296 feet - , 

ball is rolling at a Speed of (j) 10 seconds 320 feet a second 1,600 feet ten seconds strikes the 

five feet a second, the The way to read the above table is as follows: ground wdth a speed of 10 

speed becomes ten feet a ondis reaches e*speed*of*i|j^rt a’se*coSd' tildes 32 feet a second, or 
^nd after two seconds. 320 feet a secon<l. Thus, 

After rolling three seconds seconds**? Try it, in order to see if you un- Galileo had discovered a 
its speed is fifteen feet a law of falling bodies. 


second; at the end of the 
third second of fall, the 
speed is ninety-six feel a 
second; and so on. Every 
second (he speed increases 
another thirty-two feet a 
second. A body falling 
freely to the ground for 
ten seconds strikes the 


second ; after four seconds, the speed 
is twenty feet a second; after five 
seconds, the speed is twenty-five ftravt 

feel a second; and so on. Every di 

second, then, the speed increases by •lAftrr 

five feet a second. If this particular ^ ii 
incline were long enough to permit . *1 ■ i ■ ■ |i 
the ball to roll for twenty seconds, ;;{j JJ J ! { | 
the speed at the end of the twen- ' V M* I f || | 

tieth second would be twenty times ' I • I ■ I 

five feet a second, or one hundred f;}| |||| I 

feet a second. Of course, the steeper ; U iili i 
the incline the more rapidly the ball ' j j J J ■ • P '2 secoi 

gains speed. A ball rolling down a ' ; (| i | g { ! 

very steep hill may gain as much as * fl tfil I 
fifteen feet a second every second, j *} P 

Upon the steepness of the slope, „ jJ ||S| » 

then, depends the rate of increase 1 1 p 1 1 i | 
in speed; but for any given slope, »< '§ 

this rate of increase is the same * * ■ I ■ ■ j 

throughout the length of the in- r, i| |Jll ! 
dine, no matter how long it may be. Is < n p | § | i 
Now, suppose the slope is so steep !■ f | pin 
as to be vertical. ilM 1; After 

The ball then falls i? 

freely to the 
ground. What is < ^ 
its rate of increase ' V 

in speed? Galileo 


After 
2 second* 


Knowing the speed of a moving body 
we can usually l(‘ll how far it has 
f traveled if we know the length of time 
^ during which it has maintained that 
• i After Speed. Thus, an auloniobile 

I ' * *®«®*'<* moving at thirty miles an hour 
for three hours, covers a dis- 
I tance of ninety miles, provided 

48 feet its si)eed does not vary from 30 
miles an hour throughout the 
three ht)urs. Eut, as Galileo 
^After discovered, a falling body 

" 2 second* movcs at a constantly increas- 
ing speed. How can we tell 
how far it travels in a given 
lime? For example, how far 
* does a stone fall in three 
§ seconds? 

80 feet g instant the stone is 

flropped its speed is zero feet 
; a second. At the end of 3 
J? seconds, its speed is 96 feet a 
^ second. Hence, its average 
! After speed for the 

seconds is o plus 
96 divided by 2, 
which is 48 feet a 
second. Thus, the 
stone travels at an 


After 

3 seconds! 
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average speeci of 48 feet a second for 3 
scepnds, covering a distance of 3 times 48, 
or 144 feet. 

Even if we grant that Aristotle was wrong 
about the speed of falling bodies and that 
Galileo was right, there yet remains a dif- 
ficulty to be cleared away. As someone 
once put it, “If I am to be hit on the head 
by either a tennis ball or a baseball dropjjed 
from a window, 1 should much prefer the 
tennis ball, even though both have the same 
speed when they strike me.” In some way, 
the heavier ball possesses more motion. 
When it is stopped, it exerts a greater force. 
Galileo gave considerable thought to this 
phase of the problem. Tn order to solve it, 
he devised a new term, which has played 
an important part in the .science of physics. 
He called the amount of motion possessecl 
by a body, its “momentum” (mo-mcn'tum). 
Momentum is the combined effect or the 
product of two things: speed and weight — 
though later Newton showed us that “mass,” 
rather uuiii weight,” should be used in 
defining momentum. A good illustration of 
momentum may be seen (ui the football 
field, where fast-running, heavy men are 
considered the best players. A light man 
must hit his opponent with great sjieed if 
his tackle is to be successful. Often such 
a i)layer brings down a much heavier man 
if the heavy man is moving slowly. Jlut a 
heavy end tearing down the field at high 
Sliced is irresistible. His momentum -his 
sjiecd multi]ilie<l by his mass -is greater 
than that which the other side can bring 
to bear against him. 

Again we sf'C the effect of momentum 
when a small automobile collides wdth a 
heavy bus. Tlie bus ma}’ not lie moving so 
fast as the smaller car; but the damage is 
inilicted chiefly on the liody w'hich has the 
least momentum. Tn this case, the auto- 
mobile has less momentum because its mass 
is so much smaller than that of the bus. 

If Galileo were asked to answer the ques- 
tion raised by the title of this chapter, he 
would most certainly reply in one word — 
Force I Force makes matter move! And, 
if he were asktSC^to explain what he meant 


by “force,” he would probably say that force 
is that which can change the amount and 
kind of motion of a body, or its momentum. 

It w'ould be well if the reader became 
familiar with this idea of force, because that 
is what scientists mean whenever they use 
the word. Unfortunately, the term is often 
confused with others in ordinary language. 
The words “strength,” “power,” “energy,” 
“effort,” as well as .several others, are some- 
times used interchangeably with “force.” 
In j)hysics, however, we must learn to dis- 
tinguish clearly and exactly among such terms 
as force, power, energy, etc. The mark of 
a scientist is the care with which he defines 
each sjiecial w^ord that he uses. 

After a scientist has made many observa- 
tions and has arranged experiments to check 
these observations, there comes a time when 
he tries to tie all his facts together. In 
doing so, he tries to make all observations 
and all facts follow from one law', hypothe.sis 
(hl-p6th'e-sis), or explanation. Galileo was 
now' ready for such a step. What makes 
bodies fall as they do? What makes a pendu- 
lum sw’ing as it does? What makes the 
heavenly bodies move as they do? In each 
instance, he saw' that the facts could be e.\- 
jilained if he assumed the existence of some 
constant and ever-acting force — a force that 
makes the planets move around the sun; a 
force ihat makes the pendulum swing; a 
force that makes bodies fall. Is it the same 
force in «‘adi case? Galileo did not know'. 
Tie had iioL enough facts as yet. I'hat dis- 
covery was to be made by his successor, the 
second great founder of modern science, 
Isaac New'lon. Galileo did, however, con- 
tinue to gather facts about hirces which 
make bodies move. Ilis brilliant mind saw 
meanings in these facts which he expressed 
in language so clear that it has never been 
improverl upon. Also, he added several new- 
terms w'hich have been of the greatest help 
to scientists from Newton down to Einstein. 

The work of Galileo is put to use by every 
engineer w ho designs a bridge, a sk>'scnipcr, 
a subway, or an automobile. It may well 
be said that modern civilization is built 
upon his ideas as developed by Isaac Newton. 


207 




PHYSICS 


Reading Unit 
No. 4 


THE FORGE THAT HOEOS THE UNIVERSE 

.V ote : For basic information t or statistical and current farts, 

not found on this paf^e, consult consult the Richards Year Rook 
the general Index, Vol. 75. Index. 

int€*resting Facts Explained 
What is the rli.stance lietween the linn? i ?o2 


moon and the earth? 1--300 
Where miKht objects fall to the 
moon instead of to the earth? 
I -300 

How does every object affect 
every other object ? T-30T 

What do we know about ^^ravita- 


tion.*' I 302 

What determines the gravita- 
tional attraction between two 
objects? 1-302-3 
What woultl a man weijzh <jn th<‘ 
surface of the sun? i 303 -.t 
What is the difference between 
weight and mass? i- 304 


F kings to Think About 


At what speed wt>uld a rocket sess wei^^ht? 

have to leave the earth in order How may gravity help tf) [)roduce 

to overcome completely the an electric current? 

earth's gravity? What docs gravity have to do 

Why <lo objects on the earth ix>s- with snow, rain, hail, and sleet? 

Picture Hunt 

Where is up? 1-300 the surface of the moon? i— 

How high could you jump from 301 

the surface of the sun (jr front 

Related Material 


How does gravitation cause the 
tides? 1*134 

Why do the idanets continue to 
revolve around the sun? i— 
106 

Hf)w does gravity make it pos- 
sible for us to put water to 


work ? I 3 5 2 

Hi)W was Hour ground in Kngland 
in colonial times? 9 233 
How is falling water put to work 
most efficiently? i 370 
How does gravity affect things in 
the ocean depths? i 67 


Practical Applications 

How is the energy of flowing How is gravity list'd in load 

water turned into electricity? trains, trucks, and boats? i- 

1-303, .S06-8 304 

Eeisure~time Activities 

PROJECT NO. T ; f^ut six place the little figure at the differ- 


magnets inside a hollow geog- 
raphy globe so that the poles face 
the surface. Cut a very small 
outline figure from sheet iron and 


ent poles. This shows how the 
force of gravity works. 
PROJEC'r NO. 2; Make a 
power hou.se, 14—37. 


Sunttnary Statement 

Every object in space exerts a pull upon every other object. 
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If ever we succeed in paying a visit to the moon, it 
will probably be in a rocketlike, stream-lined, gas- 
spouting ship like the one above. In our story we 
speak of such a ship as making the trip in the year 


2042 — about one hundred years from now. Who 
knows? Many scientists, all over the world, are try- 
ing hard to design rockets that will escape from the 
earth’s gravitational pull and be free in space. 


The FORCE THAT HOLDS the UNIVERSE 

The Great Forces That the World Must Reckon with Can Move 
Bodies or Can Stop Them; They Can Help Man or 
Can Hinder Him 


N Tin" year 2042 A.n., ihe world 
held a grand celehratioii. Four hun- 
dred years had passed since the birth 
of the greatest physicist of all time. In the 
course of four centuries mankind had learned 
to appreciate the genius of Sir Isaac Newton 
and to be grateful for wliat he had done to 
benctit the race. Since the civilized world 
owed much to science, it was thought littiug 
and proper that the celebration should it- 
self be of some Ix’ncfit to science. Strangely 
enough, the year of Newton’s birth was 
also the year df^Galileo’s deatii; it w’as not 
strange, therefore, that both founders of 
modern science should have a place in the 


hearts and minds of those A\ho sought to 
make the year 2042 a memorable one. 

rhe great climax of the celebration was 
the shooting of a rocket to the moon. 'I'he 
rocket was large enough to house a group of 
several observers, willing to leave the earth 
perhajjs forever, willing to be killed in- 
gloriously if anything went wrong. The 
engineers and scientists who planned the 
llight based their calculations upon the laws 
of motion discovered by Galileo and Newton. 
To shoot a projectile with sufficient force to 
overcome the earth’s gravitational pull and 
to seiul a party of well-equipped observers 
to the earth’s nearest neighbor in space, was 
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When our rocket of the year 2042 arrived at a point in earth upon the rocket was about equal to the pull of 

space some 70,000 miles from the moon, the pull of the the moon upon the rocket. 


perhaps the crowning realization of the 
dreams and hopes of the men whose lives 
were being honored. 

There is not space enough here to tell of 
all the experiments and other preparations 
which preceded the flight. Nor can we 
stop to describe the rocket and the method 
by which it was driven through 
space. It is enough to say that the A 

“Ship of Space’* was launched sue- 
cessfully before a vast multitude of 
people, that it was soon lost to sight, 
and that nothing was heard 
from it for twenty days, 

Then, one morning, the 

world was startled with the 

news that the rocket had 

come back. It had fallen 

into the Atlantic Ocean. The 

captain of the rescuing vessel 

found but one of the occujianls ^ 

alive; and the latter told a story ™ . . ,« 


It was here that a great difficulty arose, 
not with the machinery of the rocket, but 
with the men inside. Having readied a 
point where the pull of the moon was equal 
to that of the earth, many strange and 
amusing things began to happen inside the 
rocket. Objects ceased to fall, but remained 
suspended in mid-air, no matter 
where they were placed. Water did 
W not pour out of bottles; it had to be 

scooped out and be pushed into 
one’s mouth. Dressing and un- 
dressing became a problem, 
ibm as did every other ordinary 
act of daily living. If one 
rose loo suddenly from a 
chair, one found himself 
floating toward the ceiling, 
making frantic efforts to descend. 
h| After a while, the pioneers of 

Y space accustomed themselves to 

? What is ^ St range cond i t ions a nd were 


€*ijvv, tint.! JULICI WJIKM. a oiKny fS **Up**? WHst iS ^ ‘0 1 1 lOIlS U IKl WCFe 

the like of which had never be- “down”? That depends up- much amused by them — so much 
fore been heard on earth. menTilaS under"ne ofSS so, that they made their grand 

The rocket had started quite shown above, would mistake. They shut off the power 
succcssiully. Oradually, its straight **up.” And they of fhc rocket, so as to remain 
speed was increased until it would aU be right i longer in this interesting position 

moved at about a thousand miles an hour, between earth and moon. For the first 


Such speed was easily maintained, once the 
earth’s atmosphere was left l3chind. The 
observers were fascinated with the view of 
the earth becoming smaller and smaller. 
For the first time man w^as able to see his 
planet as a sphere, and to identify the con- 
tinents as they are shown on maps. After 
a week of travel at this great speed, nearly 
i7o,cxx> miles had been covered. The moon 
was only about 70, cx^ miles away. 


time in iheir lives ihcy were free from the 
pull of the earth and they intended to take 
advantage of the fact. Foolishly, they 
delayed their arrival on the moon, spending 
their precious fuel to make excursions in 
directions perpendicular to their original 
line of travel. Pcrhap.s they dreaded what 
awaited them on the bleak lifeless moon; 
perhaps they despaired of ever being able to 
return to earth. At any rate, they soon real- 
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ized lhal their fuel supply was insufFicient to 
complete the journey. They then decided 
to turn about al once. 

The return trif) soon brought them within 
the grij) of the earth. The pull became 
.stronger and stronger. Now they were 
falling to the earth. The power of the 
rocket was of course reversed so as to keep 
them from going at more than a thoilfeind 
miles an hour. It took more than a week 
to return, and at the end of the time the 
fuel supi)ly was almost exhausted. It was 
doubtful whether a terrible crash could be 
|)revcntcd. Careful maneuvering brought 
the rocket over the ocean and it plunged 
into tlie water. The force of the impact 
killed all but one of the occuj)ants. When 
the rocket lloatcd to the surface, the sole 
survivor had barely strength enough to open 
a trapdoor and attract the attention of a 
passing ship. 

One of Newton’s Greatest Ideas 

Wc L MU' I our readers will pardon us 
for telling a story so much of which is pure 
imagination. Vet it can do no harm to 
speculate about the possibilities of the 
future in science. In fact, if we think care- 
fully and thoroughly about the dilTerent 
elements in the stor)', wc may be in a posi- 
tion to understand better one )f New^ton’s 
greatest ideas. - 

Oalileo’s experiments with m 

bodies that swing and fall 
caused him to decide that some ^ 

force was exerting a constant B 

[)ull upt)!! everything. Newton ^ 


pondered long and deeply over these ex- 
periments and over the laws of Kepler, 
too. He performed experiments of his 
own. He came to the conclusion that 
every object on the earth and in all space, 
for that matter, exerts a pull upon every 


other object, 
earth and the 
earth upon 
the sun; the 
moon uj)on 
the earth and 
the earth up- 
on the moon. 
An apple falls 
from a t r(^e 
because the 
earth pulls it 
dow'n; but in 
falling the 
a [) ]) I e too 
pulls up»)n 
the earth. If 
one asks why 
the earth does 
not fall to- 
ward the aj)- 
ple, the an- 
swer is that 
it docs, but so 
little as to be 


The sun pulls upon the 


T 


MARS 



How high can you jump? 
The world’s record so far 
is about seven iceu iu 
this jump an athlete takes 
a running start and at the 
right instant pushes away 
from the earth with all his 
strength. Up he goes— 
but immediately the earth 
^ exerts its gravitational pull 
^ upon our would-be record 
I breaker. (> 


4 


As our athlete soars into 
the air, the speed of his 
upward leap is quickly re- 
duced. When only four 
feet from the ground, he 
has lost most of it, and by 
the time he has reached 
the bar, six feet above the 
earth, he can barely bring 
his feet over it before grav- 
ity begins relentlessly to 
pull him down again. Im- 
mediately he begins to fall, 
and down he crashes with 
ever increasing speed until 
he lands at the same speed 
with which he left the 
earth. But if this same 
athlete were to go to the 
moon and there attempt to 
try his skill at high jump- 
ing, he would have a much 
easier task. We have to 
assume, of course, that he 
can get to the moon, that 
somehow he is able to live 
in the vacuum which we 
believe to exist there, and 
that he brings with him all 
his skill and muscular 
strength. The same effort 
which he exerts upon the 
earth will on the moon 
carry him to a height six 
times as great. Instead of 
setting the record at six 
and a half feet, he will now 
be able to jump over a bar 
thirty-nine feet high, for 
the gravitational pull on 
the moon is only one-sixth 
of that on the earth. His 
leap will not be quite so 
spectacular on Mars, al- 
though it will be consider- 
ably better than he can do 
on earth. The gravitational 
pull on Mars is only one- 
half of that on earth. And 
so the arithmetic is really 
very simple — he will, 
uith the same effort, be 
able to clear a bar thirteen 
feet high. ' 


PbotcM by U. Ariustroug Huberts 



THE LAW OF GRAVITATION 


unnoliceable, since the amount of matter 
in the apple is so small in comparison with 
the amount of matter in the earth. Newton 
called this force of attraction between all 
pieces of matter, the *‘force of gravitation.” 

calcula- 
tions showed 
A that the extent 

^ Kw! of this force 

m Wii depends upon 

m2 nl amount of 



matter involved. One 91 m 

can determine the size '* n fcl» m 

of the force attracting Im; AL 

one mass toward an- j [ AA 

other by first multiply- ' |j WT 

ing the amounts of us suppose that i I 991 

ii- , you weigh I oo pounds Ui f/ll 

mass pulling Ujion each on scales somewhere 19 Ir w 

Other. Thus, in order on our planet, the 
11,1 r earth. Then let us 
to calculate the force suppose that you take 

of gravitation between JSjSr&Ig.^'rcSl! 
a two-pound stone and then to the planet Mars, 

a lhrpr»-nnnn/l rannnn finally to the sun. At each stopping place you 
a tnrec-pountl cannon Were all this possible, you would 

ball, one must first amazed to discover that you weighed only about 

, i... pounds on the moon, from 35 to 50 pounds on 

multiply 2 hjr 3 ’ Mars, and from 2,600 to 2,800 pounds on the sun. 

But Newton disrov- different gravitational pulls on the various 
I , . ‘ bodies account for the differences in your weight, 

erecl another tact, i he The sun, you will note, exerts a pull nearly 28 

distance between the **** earth's, 

attracting objects was also important. The equal at a jvjint i 
closer two masses arc to each other, the the earth and 70, c 
greater the force of gravitation. Bring This means that tl 
one of two objects twice as near to the —Ihal is, a great ( 
second object as it was to start with, and 
the pull is four times as great. Bring it Where Would an ( 

three times as near and the force of at- You will recall 
traction is nine times as great— four times reached a point 
as near, sixteen limes as great; five times earth, objects insi( 
as near, twenty-five times as great; and lose all their weigl 
so on. We must note that “four’! is the air. So did the me 
square of ^^two”; ‘‘nine” is the square of a weighing scale, a 
“three”; “sixteen” is the square of “four”; stood ujK>n it, wha 
“twcnty.five” is the square of “five”; and Probably nothing a 

so on. I'lMircr 


it: “Any two bodies in space attract each 
other with a force w'hich is calculated by 
multiplying the amounts of mass and by 
dividing tlie product by the square of the 
distance between the two bodies.” 

If W'e apply this law to the rocket which 
traveled to the moon, we can see that both 
the earth and the moon exert a pull on the 
rocket. Furthermore, the jmll of the moon 
opposes the j)iill of the earth. Which pull 
is stronger.? That depends upon where the 
rocket is and upon how much greater is 
the mass of the earth than that of the 
moon. If the masses were equal, there 
would be a j)oint just halfway lietw'ceii the 
two about 120,000 miles from the earth 
-where the pull on the 
^ rocket in one direct ion 

gnm'i A would be exactly 

VQp/ jAk equal to the j)ul] in 

1 j the opjKisitc direc- 



wrts a pull nearly 28 tion. But, as we saw, 
the earth's. ,1 

lliese , are exactly 

equal at a jvjint about 170,000 miles from 
the earth and 70,000 miles from the moon. 
This means that the earth has more matter 
— that is, a greater mass— than the moon. 


All this Newton was aVile to say In one 
statement, which has since been called, the 
Law of Gravitation.” This is how he put 


Where Would an Object Have No Weight? 

You will recall that when the rocket 
reached a point 170,000 miles from the 
earth, objects inside the rocket scemeil to 
lose all their weight. They iloated in mid- 
air. So (lid the men inside. Had there been 
a weighing scale, and had a iSo-pound man 
stood ujK>n it, what would he have w'cighed? 
Probably nothing at all. This would be very 
amusing, oi course; but also very \)u/.zlmg 
A man, a book, a glass, or/iny other object 
is made of matter. The amount of matter 
in these objects does not seem to change 
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whether they are on the earth’s surface (»r 
170,000 miles out toward the moon. 'I’hc 
“weight” of these objects, however, does 
change; it even becomes zero when placed 
at the proper point between earth and nnwn. 

The Difference between Weight and Mass 

Issac Newton was the first to make a 
distinction between the “weight” of an ob- 
ject and its “mass.” The mass of a person’s 
body is the amount of matter in it; but a 
person’s weight is the amount of pull which 
the earth exerts u]K)n his mass in accordance 
witli the law of gravitation. This i)ull, and 
therefore the person’s weight, can and does 
change. 'Fhe mass does not. 

Thus, one grows heavier in traveling from 
the l^kjuator toward the Poles, because the 
earth is .somewhat flattened at the Poles, 
and the Poles are therefore nearer to the 
earth's center than is the K(juator. Also, 
one loses weight when at the toi) of a tall 
mountain, since at high elevation one is 
further a wav from the earth’s center. It 
has been calculated that a person weighing 
a hundred pounds loses about two ounces at 
a lieight of three miles. 

On the surface of the moon, a i8o-pound 
man would weigli about one-sixth of what he 
weighs on the earth, or thirty jiounds. If it 
were possible to live on the moon, walking, 
running, jumping, lifting, throwing, and 
swimming would require much less etTorl 
there than upon the earth. On the moon, 
most t)f our readers woukl be able to break 
the world’s record for high jumi)ing, for a 
four-hu)! jump on the earth would be 
e(|uivalenL to a twenty-four fotit jump on 
the moon. 

What a Man Would Weigh on the Sun 

On the surface of the sun, however, a 
180-pound man would weigh 28 times 180 
])ounds, or 5,040 pminds. 'Phe gravitational 
pull of the sun is much greater than the 
earth’s. So great in fact is the pull of the 
sun that a human being there would hardly 
have sufficient strength to lift his feet in 
walking, even if we grant that he could 
withstand the tic»nendous heat. 

In speaking of the earth’s pull upon ob- 
jects near its surface, we refer to the force 


as “gravity” fgrav'l-tl). The term “gravi- 
tation” is used for the force of attraction 
which acts between all bodies everywhere. 
Now, from one point of view, gravity is a 
great hindrance to mankind. Often it is a 
nuisance — even a menace. Always there 
is the danger of falling. If a road is steep, 
steps arc built and a hand rail set up, to be 
handy in case one should slip. Objects are 
j)laced well away from the edge of a table 
and a protective wall is usually built around 
the roof of an apartment house. In the 
autumn wc have to clear away the leaves 
that are strewn «>ver the lawns; and in the 
spring, freshets rush madly over the coun- 
tryside. Rain, snow, and hail batter the 
earth as ifiey come down from the sky, and 
occasionally, at night, we see a meteor — a 
“shooting star” — being pulled into the earth 
by the force of gravity. 

The Mysterious Pull of Gravity 

In the house we are forever cleaning be- 
cause dust never ceases to fall. We grow 
weary from climbing stairs and from lifting 
heavy objects. When an expen.sive vase 
drops and breaks, llie real culprit is gravity. 
So, too, we can blame gravity when a collar 
button slips out and rolls away, or when wx 
lose our balance on skates or on a bicycle, 
(ioing downhill in an automobile we apply 
the brakes, and going uj)hill we are fearful 
lest the engine stall. Because of gravity we 
supply airplane i)assengcrs with parachutes. 
Submarines sink, never to rise, because they 
have been overi’ome by gravity. When we 
show' impatience at the ugly pillars which 
[irevent a good view’ of the stage and w'hich 
mar the beauty of the auditorium, we are 
annoyed because gravity is ever acting. 

How Water Makes Our Light 

But the water which falls over Niagara is 
used to drive w’heels, the wheels turn dyna- 
mos, and the dynamos furnish light to homes 
and streets a Jiundred miles away. When 
gravity endangers a weakened structure, the 
wreckers come and build long wooden chutes 
down which gravity may pull the wreckage 
into waiting trucks. On the fiftieth floor of 
a building you slip a letter into a slot, and 
it is whisked away by the force of gravity to 
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the mail box down below. The locomotive 
engineer shuts oflf the power and lets gravity 
pull him down grade for miles at great speed. 
The man who delivers the coal attaches a 
slide from wagon to cellar and gravity draws 
the coal into the bin. If the last few pieces 
are caught in the wagon, the man cranks 
the wagon so that it tij)s at a greater angle. 
Gravity takes care of the rest. We dei)end 
upon gravity to help swing the clock pendu- 
lum. And we must not forget to thank the 
force of gravity for the thrills in a ride on 
the “scenic railway.” 

A Law for the Whole Universe 

We have already seen how Newton’s force 
of gravitation explained the law of falling 
bodies, ft also made Kepler’s lava's clearer 
and more understandable. Man could now 
appreciate why the sun and the planets hold 
to their eternal courses. 'J'he force of gravi- 
tation is ever acting and exerts its power on 
all bcxlics in space, whether these IkmIics are 
specks of dust or giant stars. Newton made 
it possible for mankind to see itself living in 
a world of law and order. The stars, the 
sun, the planets, the earth, and the moon 
obey the universal law of gravitation. Man 
also must live his life subject to this law. 

Understanding brings power. The fact 
that man had found a way of calculating 
the force of gravitation encouraged him to 
study his surroundings further and to pFan 
his life so as to be in accord with nature’s 
ways. lie soon learned to build bridges and 
skyscrapers that withstand the pull of 
gravitation. He built highways, railroads, 
waterways, and vehicles to place upon them, 
always reckoning carefully upon the great 
force and taking advantage of it where pos- 
sible. But more imix>rtant even than the 
wonderful machines and structures which 
Newton made i)ossible was the new idea 
which he brought into the world. He made 
us see that nature is understandable, that 
things hapi)cn because they are caused to 
hapjxin-, and that even when we do not know 
the cause, it is wiser to continue our search 
than to jump to a conclusion not l3ased on 
fact and reason. Thus Newton began the 
great work of ridding the world of super- 
stition and intolerance. 

In passing, it may be well to say that, 


fine a.s was Newton’s theory in helping us to 
understand what happens in everyday life, 
there was something about the theory which 
even Newton himself questioned. The prob- 
lem was this: How can there be an attrac- 
tion, or pulling force, without anything for 
the puller to pull with or for the pulled to 
be pulled by? How can the sun exert its 
pull on the earth across millions of miles of 
empty space? 

It was not until 191;^ that a satisfactory 
answer to the question could be given. When 
it appeared, it proved to be a modification 
of Newton’s theory, and was i)roposed by 
Dr. Albert Kinstciii (in'stln), a man of whom 
both science and mathematics may well be 
proud. The new theory was called the 
Theory of Relativity (rM'a-tiv'!-tf). This 
theory did not deny the truth of Newton's 
law of gravitation, but it gave us st)mc new 
ideas of the exact nature of gravitation. 

When Kinstein came to work out the 
mathematics of his new theory he found that 
it generally agreed with the mathematics t)f 
Newton’s theory. In one or two very special 
cases, however, it differefl by tiny amounts. 
For example, .Newton’s theory would have 
the planet Mercury g(fing about the sun in 
an ellipse, i'hc Relativity 1 ’heory, however, 
required that vve know' still another fact 
about the planet. If the theory was right, 
the planet should also Ixj spiraling about the 
sun in such a way that the axis of its orbit 
was slow'ly shifting. Furthermore, Kinstein 
predicted that the [)osilions of the stars 
nearest the sun, visible at the time of an 
eclipse, should ajipear to be shifted. As 
s(K>n as these deductions were announced, 
astronomers worked feverLshly to gather the 
facts that would prove or disprove them. 
When all the facts were in and analyzed, 
Einstein’s j^redictions were found to be true, 
and the Theory of Relativity was accepted 
by scientists everywhere. 

We now realize that Newton’s laws are 
very nearly correct, certainly for everyday 
happenings related to gravitation. But we 
have also found that a better understand- 
ing of many other things in physics is made 
pos.siblc by the RelativitJ Theory. It is 
especially valuable in astronomy, where it 
comes nearer to the truth than any earlier 
explanations offered by scientists. 
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Reading Unit 
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WHAT ARE THE LAWS OF MOTION? 

Note: For basic information For statistical and current facts ^ 

not found on this page^ consult consult the Richards Year Book 
the general Index y Vol. 75. Index. 

Interesting Pacts Explained 

What is meant by inertia? i— What is meant by centrifugal 

307 force? 1-310-IT 

What is necessary in order to stop What keeps the planets from fall- 

a body or to put a body into ing into the sun? 1-311-12 

motion? i 307-8 How are automobiles equipped to 

Why does not the sun stop the overcome inertia? i— 312-13 

motion of the planets? 1--309 

P kings to Think About 

Why may an infielder be thrown were not banked? 

off his balance when he catches Why do you lurch backward 

a fast line drived when the car in which you are 

W jiai would happen to a racing riding starts suddenly? 

car on a race track if the curves 

Picture Hunt 

How may a hammer head be What happens to a person stand- 

lightened on its handle by mak- ing in a car that stops sud- 

ing use c)f inertia? 1-309 denly? i 308 

Related M aterial 

How do brakes operate to stop a inertia? 1-330-3 1, 10-289 
car? I -461, 462, 10 196, 291 What part does centrifugal force 
How does an automobile over- play in the universe? 1-6, 13. 

come inertia? i— 331 15, 16 

Under what circumstances may a How great is the centrifugal force 
perfect automobile stall? i— acting on the moon? i— 122 

307,312 136 

How are gears used to overcome 

Practical A pplications 

How do magicians make use of How may centrifugal force be 
inertia on the stage? 1-306-7 used to pump water? 1-4^5 

Leisure^time A ctivities 

JM<OJECT NO. 1: Show the PROJEC'T NO. 2 ; Demonstrate 

power of inertia by performing centrifugal force with a bucket of 

the coin and card trick, 1- 307. water, 1-312. 

Summary Statement 

A body at rest tends to remain continue in the same direction, 

at r^st and a body in motion Every action has an opposite and 

tends' to remain in motion and equal reaction. 
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rtiriti) Rrltliili Iiifuriiiiitlun Sen Ires 


The men who made 
this playground 
equipment for the 
war-torn city of 
Reading, in Eng- 
land, had only lum- 
ber and metal from 
bombed-out build- 
ings to work with. 
Buttheyunderstood 
the laws of motion 
and so were able to 
build devices that 
would give the chil- 
dren fun even 
though the skies 
might rain bombs 
after they all had 
gone to bed. Read 
our article and then 
see in how many 
ways the laws of 
motion are helping 
the children to play 


WHAT ARE the LAWS of MOTION? 


If You Wish to Know How Much Force to Exert, First Find Out 
How Much Change in Motion You Desire 


FTEN Jill llic refreshments had lieen 
served and eaten, it was time for 
games. No Inrthday party is com- 
plete without them; and Jack, in whose 
honor the gathering had been called, was 
ready with a large assortment of interesting 
things to do. But before he could begin, 
it was necessary to clear the di.sh-ladcn table.' 
That made him think of an amusing ‘^slunt” 
with which to start the festivitie.s. 

“Listen, everybody!^' he called. “Do you 
know that it is possible to remove the table- 
cloth without first removing the dishes? Who 
would like it done?’* 

'['here was a chorus of followed by 

much skejjticism and laughter from the 
guests. A few, knowing Jack’s rashness, 
ho])ed to jirevent the calamity which they 
knew would befall every dish on the table. 
But their arguments did no good. 

With much assurance Jack declared, 
“Why, there is a law of science which says 
it can be done. They call it ‘inertia/ I be- 
lieve. Just wait and see!” Grabbing the 
edge of the tablecloth and bracing himself 
on the floor, he was about to give the cloth 
a terrific yank, when his mother came into 
the room. 

“Stop I” she cried in great alarm. “What- 


ever are you doing? Do you wish to ruin 
the whole house?” 

Jack stopi)ed; but only to exjflain the situ- 
ation carefully to his mother. He begged 
her to let him prove that he was right. lILs 
friends stood about, grinning and chuckling, 
and that made him the more eager to con 
vince them. TIis mother listened long and 
patientl}', but slowly shook her head. Ap- 
I)arently it recjuircd more than a law of 
science to make her part with her favorite* 
tableware. 

Faced with such .stubbornness in a direc- 
tion where he knew' from experience no 
change of miml was likely, he hit upon a 
different plan to gain his end. 

“All right. I’ll prove to everybody’s satis- 
faction that this can be done, without using 
the dishes and the tabh'cloth.” Standing an 
empty drinking glass on the table, he covered 
it with a square of cardboard. On toj) of 
this he laid several coins. Then he snapjx^d 
his finger sharply against the cardboard. The 
latter flew out under the blow and landed 
several feet aw'ay. 'Fhc coins, however, re- 
mained behind, falling to the bottom of the 
glass. //* 

The trick seemed to interest the group. 
Sei^eral hasteneil to try it themselves. There 
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was no denying the fact that the cardboard 
was removed from under the coins without 
changing the position of the coins. But Jack 
was not satisfied. “Now, watch this!” he 
cried. 

This time he spread out his handkerchief 
on the table. Ujxm the center of the hand- 
kerchief he placed a 
glass of water. “Make 
believe the glass of 
water is a pile of 
dishes and that my 
handkerchief is the 
tablecloth.” Saying 
this, he gave a sudden 
and sharp yank on 
the kerchief. 'Fhe 
glass of water sh(K)k 
a bit, but was left 
standing where it was. 

Jack waved the make- 
believe tablecloth in 
triumph. 

Of course everyone 
was pleased, even 
Jack’s mother joined 
in the applause, hear- 
ing that he might be encouraged to t»*y the 
trick on the real dishes, she hastened to sug- 
gest that some day, vnIumi Jack gr(‘W strong 
enough to jmll a tablecloth as hard as he had 
l)ulled the handkerchief, sht; would be glad 
to let him experiment with the dishes. 

Our readers will undoubtedly guess that 
the purjjose in telling about Jack’s trick was 
to introduce the lirst of Newton’s laws of 
motion. Like all great truths, the idea 
sounds very simjile. One almost wonders 
why it was dignified ^\ilh the name “law.” 
Of cour.se, a body at rest remains at rest! 
Why not? If no one touches an object why 
should it not stay in its place? ^’el the first 
law of motion is not cpiite so simple as that. 
'I'he more wc inquire into its meaning, the 
more meaningful it becomes. Let us, there- 
fore, give the matter a little more thought. 

A boily at rest remains at resl unless a 
force is exerted to make it move. A force, 
then, is alwavs responsible for the ch.inge 
from rest to ^notion. When Jack sna|)i>eil 
his finger against the cardboard, he applie<l 
a force to the cardboard, but not to the coins. 


The coins, therefore, t(*nded to remain at 
rest. 'I'he cardboard changed from a state 
of rest to one of motion. 

We once knew a boy who boarded a trolley 
car with skates attached to his shoes. He 
skated to the front and remained standing, 
looking out on the road ahead with the 
- motorman. When the car started he was 
amazed to find himself skating backward 
toward the rear. As a matter of fact, he 
was doing no such thing. lie was stand- 
ing still. The car was rifling forward 
under him. In order to save himself from 
going out through the rear door he 
clutched at a straj). Then it was that the 
force of the car wa.s also 
ap])lied to his body; for as 
he stopped moving 
with respect to the 
car, he felt the yank 
of the strap on his 
arm. It required a 
force to chiingc his 
state of rest to one of 
motion. He was now 
moving with the car. 
When the head of a 
hammer is Ioom* on its handle, a good way 
to tighten the head is to strike the end of 
the handle a sharp blow, 'fhe handle moves 
forward, i)ut the head tends to remain at 
rest, d’hiis, the handle is wedged further 
and more lightly into the head. 

Why an Automobile Engine Stalls 

One of the aimoving experiences that come 
to everyone who is learning to drive an auto- 
moliile, is the stalling of the engine in start- 
ing. \ largo force must be e\crU*d to over- 
come the inertia (Tn-ur'.shi-a) of rest in the 
heavy vehicle. This force is often too great 
for the engine; and unless the clutch is rc- 
loa.scd slowly and the gas supply increased 
gradually, the car is stalled. 

Xow there is a second meaning to be found 
in Newton’s first law of motion. Just as it 
requires a force to start a body moving, so 
it requires a force to stop a moving body 
to change its state from motion to that of 
re-'l. 

Considering once more the boy on skates 
in the moving trolley car, we find that he 



Bodies at rest tend 
to remain at rest 
When the boy snaps 
the card with his 
finger, the card flies 
off the glass; but 
the coin which was 
resting on the card 
does not go with it. 
Since the coin was 
at rest, it tends to 
remain at rest. The 
card slides out from 
under the coin, which 
then falls into the glass. 
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John is stealing a ride on the back of a truck. But 
he forgot to take off his skates. Of course he didn’t 
bother his head about Newton’s first law of motion. 
Let us see what happens to him. 


Suddenly the truck starts off. John’s body was at 
rest and therefore tends to stay at rest. Before he 
realizes it, the truck is moving under his feet, and 
only the chains save him from a fall. 



Straightening up and holding fast to the chain, John 
waits until the truck picks up speed. Then he is 
comfortable once more. He is moving with the truck. 
He even puts his hands in his pockets again. But 
suddenly a STOP sign appears in the road! 



The driver puts on the brakes and John is hurtled 
forward. His body was in motion, and tended to keep 
on moving. For the rest of the ride John decides not 
to fight the first law of motion any, longer, and holds 
tightly to the cab of the truck. 


can release the strap as soon as he is moving 
with the car. He soon forgets about his 
early experience and stands at the rear of 
the car facing forward. Then the trolley 
comes suddenly to a halt. Docs he halt with 
the car? Not at all. lie continues to move, 
so that in a moment he has collided with the 
motorman, having skated the entire length 
of the car without meaning to do so. After 
that, he never released his hold on the strap. 
But that, too, was not altogether satisfac- 
tory. Every time the car stopped, his feet 
continued to skate forward, while his hands 
wrenched at the strap. He was a ludicrous 
figure, and swore never again to board a 
trolley on skates. Since there was no avail- 
able seat, he solved the problem by taking 
ofT his skates. 

It often happens in an automobile collision 
that the driver is hurled through the wind- 


shield or has his ribs broken against the 
steering wheel. Here, too, we find that the 
driver tends to keep on moving, even though 
the car is brought forcibly to a halt. 1'he 
pressure of the windshield or steering wheel 
is required to bring the driver’s body to a 
stop. 

Another way to tighten the loose head of 
a hammer is to hold it, head up, and to slam 
down the handle end on the bench. When 
the rapidly moving handle is brought to a 
sudden hall, the heavy metal head keeps on 
moving. Us motion wedges it tightly down 
on the handle. 

On the baseball diamond, the shortstop 
who spears a hard liner is often thrown over 
backward, l)ecause the fast-moving ball 
tends to keep on moving ajid to carry the 
player with it. The shortstop knows what 
a torce was required to stop the ball; he can 
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tell from the blow with which the ball strikes 
the. glove. Every base runner knows how 
hard it is not to overrun the second anti 
third bases. The law of inertia of moving 
bodies is responsible for the rule that a player 
may overrun first base on a hit. 

The earth and the planets never stop in 
their revolution around the sun because no 
force is exerted to stop them. So it is 
with the moon in its incessant circling 
around the earth, and with the sun itself 
as it carries everything with it through 
space at a speed of twelve miles a second. ^ 

Unless some outside force is brought to F 
bear on the heavenly bodies they will 
continue to spin and to revolve forever. 

Did you ever Jisk yourself why the ^ : 
earth does not spin away from under 
you when you jump up into the air? J 

Roughly siieaking, the Uniterl ^ 

States moves around from west to 
east with the spinning globe at a 
thousand miles an hour. If one 
jumps up iiom the ground, stay- mm 
ing in the air for but a second, B 
the ground should move under ^ ^ 

foot for a distance of about 
a quarter of a mile, and 
one should land a ([uarter ^ i ' - ^ 
of a mile aw’ay from the ' i 

S])ot at which one jumped. 

_ - , Photo I IiiUTiiutioiial News Phoifr* 

Of course, we know that • r * t. .. 

, . V xTri- 1 Speanng a fast liner” sometimes throws a 

this never happens. Why? player over backward. 

Itpp'omp ihf* iiimopf is at high speed, A body 
isccausc inc jumper is in motion, and so a fore 


iich the ball strikes against the cushions, 

unner knows how Their heads seemed 

n the second anti B^m determined to keep 

inertia of moving gjB on moving at thirty 

5 rule^ that a player miles an hour even though 

i a hit. ^ their bodies were forced to 

lets never stop in niove at fifty miles an hour, 

le sun because no A little later the driver had to 

lem. So it is v , ^ on the brakes in order to 

Kssant circling VhL v ^ rough 

the sun itself stretch of road. The passengers 

ith it through ^ J lurched forward as if wishing to 

niles a second. continue at their former speed, 

is brought to In both instances they felt de- 
lies they will cidedly the force required to 

volve forever. L change the amount of motion- 

self why the W hrst from a low speed to a higher 

r from under m one and then from a high speed 

to the air? i ^ lower one. 

Uniterl ^ | J Tn skating down a steep hill, 

west to \ ®'4. one’s sjxjed constantly increa.ses. 

be at a mj^ This means that an outside force 

If one VH is constantly acting- the force 

’ ’ iw H gravity. The body, tending 

econd, M ^ ‘^'^ays to remain at the lower 

uri<ler * speed, would fall backward, and 

so one naturally leans forw'ard 
throughout the downward run. 
^ fc» Did you ever notice the 

' i ^ crouching position of a ski 

Photo i.j iiiUTHttiioiiai News Ph«i.r» juinpcr as he picks up 

“Spearing a fast liner” sometimes throws a down an incline? 

player over backward. The ball is traveling He, tOO, is resistine: the 
at high speed. A body in motion tends to stay r u* • i. • 

in motion, and so a force is reatiirerl to stnn it lorcc wnicn is cnanffinc? 


liccausc inc jumper is i„ mStioA, and so Tfoice is b>rcc which is changing 

moving with the earth. The strength of the impact stings the player»s the rate of motion of hi*; 

I'c ;« hand, as we all know, and if the player is out i , 

Even when he is in the of balance, it may throw him completely. body. 

air he moves with the „ .u. v.-.,- . We come now to the 


ic. hand, as we all know, and if the player is o 

Even when he is in the of balance, it may throw him completely. 


air he moves with the . . We come now tn iht^ 

earth. No force is exerted hammer into the head. One may strike the last of the important 
lo stop that motion; and K*. Cds w meanings in Newton's first 

so he lands exactly where handle moves in. Or one may bring the handle law of motion. Just as the 
l,„ t,:c ,nmr^ shuplydown On the table. When the handle ... . , , 


he started his jump. a‘S5?e‘nV“s^V."rh 

The car was moving at on 

thirty miles an hour on a 
smooth road and the 
passengers were rest- 
ingcomfortably on the < 

rear seats. Then the j 

driver saw a chance to , 
pass the cai: ahead, ' \ \ 

and “stepped on the 
gas.” The heads of the 
passengers were rudely snapped backward 


handle moves in. Or one may bring the handle law of motion. Just as the 
sharply down on the table. When the handle • r i 

suddenly stops, the heavy head tends to keep Ol rest keeps a 

on going. body at rest unless an out- 

S "‘ 'e force is acting, so the 
inertia of motion keeps 
the hotly moving at a 
uniform speed unless 
an outside force 
changes the amount of 
that speed. Further- 
lore, the inertia of mo- 
i,.v7hM carries a body uni- 
apped backward formly forward in a straight line. The body 
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A body in motion in a straight line tends to continue 
moving in a straight line. That explains why a ski 
jumper soars through the air when he reaches the 
end of the slide on which he gets his start. Because 

cannot change its direction unless there is an 
outside force to act uj)on it. 

When a trolley car, train, or automobile 
travels around a curve, the passengers feel 
a force pulling them toward the outside of 
the curve. Those who stand in a crowded 
car moving around a bend have to grab the 
straps to keep from lurching sideways. The 
outside track around a curve on a railroad is 
usually banked, or raised, in order to j)revent 
the train from ll>ing off the track. The in- 
ertia of the moving train would keep the 
cars moving in a straight line. Considerable 
force is needed to make the train change its 
direction. The banked roadway resists the 
straight-ahead force of the train as the train 
rounds the curve and so helps to keep the 
wheels on the rails. 

Why Curves Are Banked 

If you have ever run around the indoor 
track of a gymnasium, you will recall how 
the floor is banked around the corners. As 
you run arounrl the curves, your bndy as- 
sumes an angle to the main floor, though it 
is still perpendicular to the floor on which 
you happen to be at the moment, because 
the track is banked. Strangely enough, you 
do not mind being tipped over at an angle 
while rounding a curve, since it is easier in 
this position to hold to the track. Otherwise, 


he is moving upward when he shoots into the air. 
he continues to do so, even when the ground is no 
longer beneath his feet. Of course, the force of 
gravity soon brings him back to earth. 

your .sj)eed would tend to make you leave 
the track in the direction of the last straight- 
away pie(‘(‘ of track that \’ou were running 
on. .\nyone who has run the bases in a ball 
game knows the dilViculty in rounding bases 
at great speed. One cannot ktrp to the base 
paths; for every change in the direction of 
travel brings a force into play which urges 
your Ijody to keep moving in the original 
direction. 

What Is Centrifugal Force? 

If the curve in a track were a completed 
circle, it would have a center. 'J'he force on 
bodies which move around the track alway.s 
acts in a direction away from this center 
Scientists have therefore given a special 
name to such forces. 'I Jiey call them “cen- 
Irifugal” (seii-trlf'ii-gril) forces- wliich, in 
J-atin, means forces that run away from the 
renter. Jn other w'ords, the centrifugal force 
results from the fact that a moving body 
always wants to keep ahead in a straight 
line, and not to round a curve. 

Here is an interesting exjicriment which 
our reatlers may wish to try. Get a small 
tin can and tic it to a stout string, so that 
the can may be swung to and fro. 'Fhe 
string should be about three feet long, and 
attached in such a w^ay that when the can is 
suspended by it, the open top of the can is 
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The curves around a bobsled run are banked. The 
racers in the picture seem to be riding at a dangerous 
angle, but that is really the only safe way to round 


a curve at high speed. The embankment overcomes 
the force that tends to keep a sled going in a straight 
line right over the edge of the run. 


juTferlly Ic-vcI. Now fill llic can about half 
full of water. Swing Iht* can from left to 
right, gradually increasing the length of the 
swing until it is a semic ircle. You may bo 
surprised to find that even at the extreme 
ends of the semicircle the water does not 
s])ill. Now, increase the swing further, so 
that the can comiiletes the circle. Let it go 
round and round. At one jioinl in its circuit, 
the can is tipped ujiside down — and yet not 
a drop of water spills. 

Why the Water Does Not Spill 

This is an amazing fact, for it would seem 
that the force of gravity had cea.sed to act 
on the water. But let the can be stopped for 
an instant in its motion around the circle, 
and the water spills in the usual way if the 
can is uj)side down. Kvidently, the rapid 
motion around the circle causes a centrifugal 
force to act on the can and on the water in 
the can. The w\atcr is being pulled away 


from the center of the circle. At every point 
in the circuit- left, right, toj), or bottom- - 
the water is being i)ull(‘d hard against the 
bottom of the can. If the speed of rotation 
is sulhciently great, this pull is greater than 
the pull of gravity. It may be even great 
enough to break the string or pull it out of 
your hand. Sluuild it do so, the can and 
water would go hurtling through the air in a 
direction tangent to the circle at the instant 
when the string breaks — that is, it would 
travel right ahead in a straight line from 
that i>oint. 

I'he earth and the other planets travel in 
curved jiaths around the sun. lliese curves, 
as we have learned, are ellipses, or ovals, not 
circles. We do not speak of the “center” of 
an ellipse, but rather of its “foci” (fo'-^^Tb for 
it has two of them. Also, Kepler has taught 
us that the sun is at one of the foci of the 
ellipse around which the earth or any planet 
moves. From what we have seen of bodies 
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that move in curved paths, there should be 
a force acting on each planet tending to pull 
it away from the sun. This is undoubtedly 
so; and lucky it is for us that it should Ije so! 
Without this force, our earth w\)uld most 
certainly fall into the sun; as would every 
other planet. Also, the moon would fall into 
the earth, if it stopped for but a moment in 
its journey around the earth. Again, it is 
fortunate that the inertia of motion keeps 
the moon sailing through space around us. 
Perhaps it has never occurred to our readers 
that a struggle is constantly going on between 
the planets and the sun and betw'cen every 
planet and its moons. This struggle is be- 
tween the force of gravitation and centrifugal 
force. Since these forces arc always exactly 
equal and in opposite directions, the heavenly 
bodies of our solar system are undisturbed 
in their ceaseless motion in si)ace. 



Newton’s First Law of Motion 

From all of the foregoing our readers should 
be in a better position to understand the full 
significance of Newton’s first law of motion. 

It is stated as follows: F.very body continues 
in its state of rest or of uniform motion in a 
straight line, except in so far as it may ])c 
compelled by an outside force to change 
that state. 

Now the first law of motion sjicaks 
of a force which ahvays acts when a 
change in the amount or direction 
of motion occurs. The second of 
Newton’s laws of motion provides 
a means of calculating the 
exact amount of that force. 

Before wc give you Newton’s 
statement of the second law*, 
let us try to understand its 
meaning. 

A trolley car loaded 
with passengers starts up 
an incline. The motor- 
man, eager to get under 
way, turns on the powder. 

Suddenly there is a loud i'>inriMiUon»i nowh I’hotos 


not. He reaches up to a handle in the box 
where the flash and explosion took place and 
pushes it forw^ard. The lights go on. Slowly 
he turns on the power and the car begins to 
creep forw^ard. As it gains speed, the motor- 
man shoves ahead liis control another notch, 
lie does not use full power until the car has 
increased its speed considerably. 

What had happened? Simjfly this: Be- 
cause the car was heavy, its inertia of rest 
w'as great. Tbc motorman, desiring to change 
to a high speed too quickly, had put on full 
power too soon. A tremen- 
dous force was needed to 
overcome the great inertia. 
I’or this a large electric cur- 
rent W'as required. So large 
was this current that 
it threatened to heal 
up the wires and 
burn up the car. 
But in the box was 
a circuit breaker, 
which is a switch that 
opens automatically when 
the flow* of current is too 
great. The circuit breaker 
snai)i)ed oj)en with a re- 
port and a flash, shutting 
off the ])ower altogether, 
was a re'fhinder to ih^ 
nK)torman that he was asking 
loo much of the motor. 'I'he 
motor could not possilfly exert 
the force neces.sary to change 
the slate of rest of .so heavy a 
body to a slate of such raj)i(l 
motion. At least, it could not 
e.xert that force without burning 
up the car while doing so. Hav- 
ing been reminded, the motor- 
man saw' the evil of his ways 
and proceeded to speed up 
the car more gradually. 
The driver of an auto- 
mobile, like the motor- 
mjin, must never reach 





bang and a flash of elec- This ball player is teasing his thirsty team high si)ecd too quickly; 
triClty; the lights go out around his head. As you see in the picture, fhc lorcc required to do 
and the car stops. Al- so is too much for the en- 

though the passengers are about centrifugal force, they would not worry ginc, which promptly 
startled, the motorman is stalls. For this rea.son, 


312 


THE LAWS OF MOTION 


automobiles are equipped with transmission 
gears which must be set in “first speed” on 
starting. When the car attains some veloc- 
ity, the gears are then set in “second.” After 
an additional increase in speed, it becomes 
safe to i)ut the gears in “high.” 

I'rom the above we can see that the amount 
of change in motion determines the size of 
the force needed to produce the change. The 
more change, the more force. From rest to 
motion or from motion to rest; from low 
speed to high or from high s])ee<l to low; 
from motion in one direction to motion in 
another — each change requires a force, and 
the amount of the force is proj^ortional to the 
amount of change. 

In order to calculate any force, New'ton 
multiplied two things. One is the mass of 
the body, that is, its inertia of rest. The 
other is the rate at which the body is chang- 
ing its speed or its direction of motion. 
Pliysicists refer to the rate of change of 
sj)ced as the “acceleration” (ak-s6I'er-a'- 
shun). ilcu* e, force is always equal to the 
jjroduct of mass and iicceleration. 

Newton’s way of stating the second law 
of motion was as follows: Cliangc of motion 
is j 3 roi)ortional to the impressed force, and 
takes place in the direction in which the 
force acts. 

Let us arrange an unusual kind of tug of 
war between two teams of boys. The two 
sides pull against each other on a rope, as is 
customary; but one team cannot see the 


other. This can be accomplished by hanging 
an old sheet between the two teams; the rope 
[lasses through a small hole in the center of 
the sheet. 

If the sides are evenly matched, the rope 
docs not move. Since victory is impossible, 
one team decides to [ilay a joke on the other 
team. They tie their end of the rope to a 
tree firmly rooted in the ground and sit down 
to rest, while the others struggle. The result 
is the same as before. 

Now do you think it may be said that the 
tree is pulling the team of boys with a force 
equal to their own, but in an opposite direc- 
tion? Certainly, it is acting as an equivalent 
substitute for the team that is resting. 
Newton believed that when a tree is pulled, 
the tree jiulls with equal force in the opposite 
direction; when it is pushed, it pushes back 
with equal force. 

Try jumping off a chair. As you jump 
away, the chair flies back. Why? Because 
in jumiiing forward you give an equal and 
opposite jiush to the chair. The same effect 
occurs when a gun is fired. As the bullet 
leaves the barrel, the stock of the gun is 
forced backwanl against your shoulder. 
When cannon are fired, recoil springs are 
provided so that the backw'ard shove of the 
shell as it leaves the muzzle may not smash 
the cannon and its mounting. 

Newton slated his third law' of motion as 
follows: 'lo every action there is always an 
eciual and o])posite reaction. 


This daring bicycle 
rider is going to *4oop 
the loop’* on his nar- 
row track. But to do 
so without falling to 
earth he must get up 
tremendous speed. 



If our rider is going 
ahead at high enough 
speed, centrifugal 
force will overcome 
the force of gravity 
and he will not fall 
from the track. 
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WHAT MAKES A MOVING THING STOP? 



Little Coleman Sellers is looking into the room where exhibited. It was this boy’s fine observation which 
Redhefier’s famous perpetual-motion machine is being showed the machine to be a fraud. 

WHAT MAKES A MOVING THING STOP? 

If You Start a Ball Rolling, It Will Finally Come to Rest. 

Do You Know Why? 


ATin'R, r have invented a per]>etiial 
mot ion I” said a little fellow of ei^ht 
years old. And this is how the child 
c.\{)laincd the invention, as the story is told 
in Phin’s book, “The Seven Follies of 
Science”: “I would make a great ^^heel, and 
lix it up like a water wheel; at the top I 
would hang a great weight, and at the 
bottom I would hang a number of little 
weights; then the great weight uould turn 
the wheel half round and sink to the bottom, 
because it is so heavy; and \Nhen the little 
weights reach the toi> the>' would sink down, 
because they are so many; and thus the 
wheel would turn round hire^ er.’^ 

Fver since man became interested in 
moving things he has been puzzled, and 
sometimes annoyed, over the fact tha! he 
could not make a machine that would run 
forever without any additional elTort on his 
part. We may iaugh at the ridiculous 
notion of the’1)ov, quoted above, and jiardon 
him because of his 3'ears. ^>t grmvn men, 
clever men, and well-educated men have 


until recent 1\ devoterl man\' years of their 
lives to working out some device that would 
fulfill this child’s dream of tieqietual motion. 
Is it not singular that in a world where every- 
thing moN’cs, where matter in its ceaseless 
round is constantly being urged by forces 
to mov»-. where even the hcavenh’ bodies 
never stop their spinning nor their re- 
volving, man alone should find himself 
bullied in the attempt to make matter 
move forever? 

We shall soon sec that there is a good 
reason for this failure, and that the very 
Jaws which control the ceaseless motion of 
the universe make man’s ambition a futile 
one. but ambitions arc j)owTrful things 
and do not die easily. To this da}’ the 
LTnited States Patent Oflice receives ap- 
plicati(uis for patents on perpetual-motion 
machines. The apjilications are all rejected 
with the statement tluit such machines are 
believed to be contrary to the accepted laws 
of science. A century ago, how'cver, the 
government was less certain, and gave care- 





WHAT MAKES A MOVING THING STOP? 



Curling is a game played only on wide expanses of away fine ice particles in front of it or to sweep them 
glassy ice, where &ere is little friction. A player in its way and so slow it down. The game is popului 
throws his **stone*' and then uses the broom to clear in Canada and in Switzerland. 


ful consideration to numerous ideas and 
actual models based upon these ideas. 

One such model created groat excitement 
in Philadelphia, in the year 1812. A certain 
Charles RedhefTer had built a machine which 
he said could run forever. He proved it by 
putting the machine on exhibition. People 
flocked from everywhere to see it. Ap- 
parently Redheffer had succeeded, for the 
machine kept running day after day, week 
after week, month after month. So great 
was the excitement that the Pennsylvania 
legislature appointed a commission of emi- 
nent engineers to investigate the truth. 

The Hoax Uncovered 

The commission arrived at the exhibit, 
having first notified Redheffer of their 
coming. But the house was locked and the 
key missing. Through a barred window 
they caught sight of the machine. It was 
turning. They saw a vertical shaft carrying 
a horizontal disk. On the disk were two in- 
clined planes, and upon these, two weights 
descended and rose as the disk revolved. 
The disk had teeth on its outer circum- 
ference; these engaged teeth in a smaller 
gear, and the small gear moved other mech- 
anisms. It seemed as if the falling weights 


were responsible for the turning; and the 
w^eights never ceased to fall, to ri.se, and to 
fall again. 

One of the commissioners had brought his 
son with him. The boy’s name was Cole- 
man Sellers. Like most bovs he loved to 
play with toys that moved. Coleman looked 
long and hard at the disk and its toothei' 
gears. He noticed something which the 
wise men of the commission, including his 
father, failed to see. He noticed that one 
side of every metal tooth was worn smooth 
and shiny by the long-continued motion of 
the disk. Now that was not remarkable. 
It w^as to be expected, in fact. But Coleman 
noticed that each tooth W'as worn on the 
7CTong side. If the disk moved the smaller 
gear, then one side of each tooth should 
.show' wear; but if the small gear moved the 
disk, then the other side of each tooth should 
show the effect. It looked as if the disk was 
being moved by some outside force, and 
not as if the disk w'as doing the moving. 

When Mr. Sellers returned from the in- 
spection, Coleman told him what he had 
notice<l. Thereupon the boy and the father 
had a small model made which duplicated 
exactly the Redheffer machine. It was 
moved by clockwork, and the springs were 
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For centuries man has tried to invent a perpetual- 
motion machine- that is, a machine that would run 
forever without any outside energy or **push.” He 
has wanted a clock that need never be wound, a wheel 
that would never stop spinning, or a fountain that would 
play forever without an outside supply of water. Such 
machines would be of little use to us, for they would 
stop the minute we tried to use them as a source of 
power. But they would satisfy man's longing to over- 
come Nature's habit of stopping moving things. 


The apparatus 
below may not 
look very 
much like the 
wheel just 

above, but its principle is ex 
actly the same. It is made of a 
wheel to which balls on little 
rods are attached by a hingelike 
arrangement. The hinge will 
allow the rod to fall to the left, 
but to the right they fall only as 
far as positions A, B, and C. 
Th? i...ciLtor hoped that the 
weight of the balls that fall to 
the right would be enough to 
pull the wheel around and make 
other balls fall and pull and so 
keep the wheel moving indefi- 
nitely. But, just as in the wheel 
above, there will be more balls 
on the left than on the right, 
the weight will be evenly bal- 
anced, and the wheel will not 
move unless you push it. 



The simple ^ - - - \ \ 

apparatus to ^ \ \ 

the right C % ^ Y\ 

shows you one of K \ 

the earliest at- C i ^ 

tempts to make a I I 

perpetual-motion Jn 

machine. Theinven- Au " s "lo 

tor thought that be- K ^ 1 

cause the water in I < I j 

the goblet weighed ^ 111 

more than the water V v. / / / 

in the tube B, the \ / / 

main mass of water \ /■' / 

would force the wa- y 

ter in the tube up and 

around until it fell ^ — 

back into the goblet again. If this action could take place, the 
water would continue to flow round and round for a time limited 
only by the strength of the glass. The "catch" in this scheme 
lies in the fact that the greater part of the weight of the water 
in the goblet is held up by the sloping sides of the glass. The 
weight that is not supported in this way is exactly balanced by 
the weight of the water in the tube. 

Another would-be inventor of a perpetual-motion machine made 

the wheel above to the left. He expected it to go round and 

round forever. He made it with little spiral compartments, each 

containing a little ball of the same size and weight as aa 

the other balls. If you imagine that the wheel is 

turned a bit to the right, the ball which is now at i||H^ 

the upper right will roll out along the spiral until 

it reaches the outside of the wheel. The 

weight of that extra ball so far from the A 

center will tend to make the wheel rotate / 

to the right and bring another ball out / 

to the edge. And so the movement 

of the balls should cause the wheel 

to rotate forever. But- and 

there is always a "but" with / J 

these machines- there are 

more balls on the left side 

than there are on the right! y 


The machine to the right is run by a series of 
three little water wheels driven by three tiny 
"Niagaras." Inside the long tube there is a 
screw like the one below the machine. If we 
turn the screw to set the machine going, water 
will be forced up to the top of the tube and will 
flow out into the tiny basin E. From here it 
falls to basins F and G in little waterfalls, 
pushing around the little paddle wheels H, 
I, and K. These wheels are attached to the 
screw so that, once set in motion, the falling 
water should turn the screw and raise 
more water to fall —and so on forever. ■ 
But there is friction in the bearings of ^ 
the screw and in the water itself; so 
the macfiliie will soon come to rest. 
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cleverly concealed in one of the suj)] sorting 
posts They invited RedhelTer himself lo 
see their model and even 
he was mystified. Know- 
ing his own guilt, he was ' . - ' ^ 

frightened. JTe wondered > , ^ 

if the Sellers had ac- V 

tually discovered ihe secret 

which he pretended t o Iiave 

discovered. Tie offered JuA 

young Coleman a share in * 

the profits to be made from ^ 

the invention. Needless to 

say, the boy only laughed; 

but he told no one of the 

trick that had been played 

upon Redhefler. 

The next year Red- 
heffer^s perpetual-motion 
machine was exhibite<l in \ 

New York, where thou- m 
sands came to sec it, 
paying a dollar per |)er- 1^ 
son for the privilege. 

Robert Fulton, the man 

who invented the steam- 

boat, w^as one of the 

many who wx*re attracted 

to the show. He laughed 

when he saw the machine, ^ 

and did not hesitate to cle- ' y 

nounce Redheffer as a 

fraufl. lie told the crowd 

which had gathered tha t he ^ ' 

was reat ly to prove the whole — . ' 

thing a cheat. He volim- j 

leered to pay any penalty n j 

if he failed, but asked for oqivksma^t 
support from the group in * 

making the attempt. 

When this was granted 
he began to tear away cer- 

tain thin strips of wood The dutch in an a. 
which RedhelTer said were *ts action upon the f 
merely to steady the ma* as shown in the upp 
chine. The strips reached 
to a wall of the room. Lp- in the lower diagra 

on removing the wood, “SeV'aiter^to, ft 
r ulton uncovered a string circle. It is then dii 
that i)asscd through the without tun 


The clutch in an automobile depends for 
its action upon the force of friction. After 
shifting gears with the clutch disengaged, 
as shown in the upper diagram, the driver 
lets in the clutch. A series of discs then 
come in contact with each other, as shown 
in the lower diagram. It is just as if a 
number of coins were to be pressed to- 
gether after the fashion shown in the 
circle. It is then difficult to turn one coin 
without turning them all. 


locked, they broke in. There they found 
an old, bearded man sitting on a box. 

In one hand the man held 

Dis« sTpARAVtD crust of bread which 
-• he was slowly munching; 
wi ih t he other hand he was 
1 u ng a crank. The crank 
I moved the siring and the 

|ilU I string moved the so- 
il r called i>crpetual-motion 

machine. 

In earlier chapters we 
UJjjl learned about Ihe force of 

i gravitation — a force which 

exists everywhere in sjiace 
__ and which is ever acting. 

In this cha])ter Ave shall 
H[|KB|Shk read about aiiotluT groat 

fv)ree the force of friction 
uhich ads only where 
^^IjL be found and 

only when one object rubs 
Hp Vt ?l against another. 

Rr ^ L V f It lak(‘s force to nil) one 
Ixxiy over another. .\s wc 
rub we (u’ercoine a resisl- 
which is called fric- 
lion. Sometimes the re- 
^ sisiam e of friction is so 

grc'at ilia tonebodyv ill not 
move over another at all. 
r Alwavs tlu‘ force of friction 

f DliC5 KXilLTHLR 

^ curronN__^- slows up the nu> vemerit of 
! Ixxlics. That is why Ked- 

I / ^ helTer’s machine needed 

^1 the old man to turn a 

fly| j trank; and that is why the 

jjf'iTi^*^ Sellers needed a clock 

jjjtf I spring. The old man and 

pil I Ihe clock spring provided 

an oiil.side force with which 

nubile depends for b> overcome the force of 
e of friction. After friction, 
clutch disengaged, i * n r 

diagram, the driver I^crhaps you recall, from 

discs then earlier articles, 

icn other, as shown ^ i 

It is just as if a the experiment which 

ion sho’wTta thi Fred’s uncle performed to 
lit to turn one coin show why a Piece of paper 
S them all. , a. / n' r / 

does not fall so fast as a 


PI DAL Rt I CASED 
DISCS TOtitTMER 
CLUTCH IN 

/ 


wall and up to a loft at the rear of the house, pic'^c of metal. You may remember that the 
They all rushed to this loft. Finding it air rubbed more, i)roportionalcly, upon the 






paper than uiK)n llie metal. When Fred’s 
uncle got rid of the air, the two objects fell 
at the same rate 
of speed. 'J'he fric- 
tional resistance of 
the air, therefore, 
causes light ob- 
jects to fall more 
slowly than heavy 
ones. Ajxirachule 
settles slowly t») 
the ground when 
it oi)ens; for only 
then can it j)re- 
sent a large sur- 
face to be rubbed 
by the air. 'the 
life of many an 
aviator has been 
saved by the force 
of friction. 

Whv do not the 



space. On the earth, where man carries on 
his existence, perpetual motion is made im- 
possible by fric- 
tion. 

Did you ever 
try to WTite with 
chalk on a win- 
d«jwpane? The 
trouble is that the 
glass is too 
smooth. Not 
enough friction 
resists the move- 
ment of the chalk; 
and so the chalk 
does not wear 
aw^ay and leave 
its mark on the 
glass. As a matter 
of fact, friction 


If a book or piece of board is placed upon a number of glass 
marbles, as shown at A, the bock can be moved in any direc- 
tion by the lightest touch. Now if two pieces of wood with 
grooves cut in them are put together with marbles in the grooves, makes all writing 
as shown at B, the top piece of wood can be moved backward ... u .u ^ 

■ ry easily- but not to the side, because of the possiiile, wnclner 


and forward very 

i.'irtl-* ilwid'inpic grooves. Now suppose that these two pieces of wood were bent it be wdth chalk 
tarin, uk im.ukis, became two rings— one larger than the other- with vvilii 

the ';iin, ^e balls between them in the grooves, as shown in picture C. on a blaCKboard, 


slow 


Then it would be possible to put one’s fingers through the hole nr*nril nn 

in their to hold the ring still, and then spin the pencil on 


up 111 mt ii small ring, so as t- r— — 

1 ravel th rouirh larger ring around and around, since the larger ring would roll paper, or with pen 

^ .... u.it.. 'Ti...* Ai... .v.:....:.!.. ........ koil KAa.-:ri»^c * . . . ' 


on the balls. That is the principle upon which ball bearings 
work. The picture marked D shows a ball bearing in a pulley. 
The shaft, which does not turn, is fitted into the hole in the 
bearing. The pulley has a hole in it which fits tightly over the 
outside of the large ring. Therefore the pulley may be turned 
very fast because it is rolling on perfect steel balls which roll 
around and around in the grooved rings of the bearing. 


.space? llocau.se 
the y ni o v e 
through space 
that is empty of 
all matter. No 
force of friction can resist th<‘ir movement 
because there is no air — there is nothing- - 
against which the surfaces of lu'avenly bodies 
may rub. In a sen«ie, therefore, jierpctual 
motion /s jiossible ammig bo<lies in empty 


and ink. 

If roller skating 
on a hardwood 
floor is easier than 
skating on a car- 
pet, it is because the rougher surface of the 
carjx^t causes greater friction. l\)lishing 
furniture is less tiring than scrubbing iloors, 
since less force is 


These men could not pos- 
sibly drag the heavy slab of 
stone over the rough ground. 
The friction would be too 
great. By inserting the cy- 
lindrical rollers, they 
changed “sliding” friction 
into “rolling” friction. A 
cylinder is the next best 
thing to a sphere for use 


needed to over- 
come the friction 
between an oiled 
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rag and a smooth table top than to over- 
come the friction between a rough brush 
and a scratched floor. 

When a carpenter finishes a chair he pro- 
ceeds to make it smooth; for people must 
sit in it. If the seat is rough, not only does 
it prove uncomfortable, but it results in 
much friction against clothing and causes 
unnecessary wear and tear. In order to 
smooth the chair, the cari)enter first uses 
coarse sandpaper, then paper that is less 
coarse. Then he fills every pore with a 
special “wood filler^’ and polishes the sur- 
face smooth. After staining and varnishing 
it, he may rub it again wdth wax, so as to 
produce a surface against which ihe friction 
of rubbing will be as small as possible. 

Every motorist knows that a concrete 
road is easier to travel on than a dirt road. 
The “detour” sign is always an unwxdcome 
sight, for the driver knows that a rough 
roadway awaits him, with much friction 
between wheels and road. Both his com- 
fort and his tires are destroyed. But the 
same driver is glad enough to increase the 
friction between tires and road if the latter 
is wet or icy. He then roughens the wheels 
by incasing them in chains. 

Why Oil Reduces Friction 

Why does oil reduce the friction lietwcen 
rubbing surfaces? Chiefly because it makes 
the rubbing surfaces smoother. Even though 
wheel axles and revolving shafts are polished 
smooth in the factory, their surfaces con- 
tain minute pits and cavities which no 
amount of polishing will remove. The oil 
fills these holes and irregularities anc^ forms 
a smooth film which keeps the rough sur- 
faces from rubbing against each other. 

One needs more strength to drag a heavy 
log than a light one. Pressing hard on the 
brake pedal stops a car sooner than pressing 
lightly. Shifting the position of a jnano is 
harder on the carpet than shifting the.piano 
stool. The emergency brake is more re- 
liable than the foot brake because it presses 
harder on the wheel rims. More vigorous 
strokes of the toothbrush produce cleaner 
teeth. Dirty clothes require harder scrub- 
bing than slightly soiled ones. Heavy 
persons wear out their shoes faster if they 


are as active as their lighter friends. Trucks 
wear out the roads faster than do auto- 
mobiles. And steel trains must ride on 
steel rails. 

In every instance cited above, and in the 
many other similar ones which may come to 
mind, the amount of friction resisting the 
motion of one object over another depends 
upon the force with which the two are 
pressed together. 

More Causes of Friction 

The motorist or train engineer who for- 
gets to oil all rubbing surfaces in his engine 
is soon stopped by burnt-out bearings; for 
friction produces heat. The friction in 
rubbing one hand over another helps to 
make our hands warm, as wx* all know. 

It may well be said that hardly an 
act of our lives is performed without en- 
countering the resistance of friction. As 
we overcome friction we generate heat. 
Walking ivanns the body, the sidewalk, and 
the air around both. Boring a hole through 
wood makes the drill too hot to touch. 
Grinding a knife sends out sjiarks of heati'd 
steel and stone. Biding a bicycle or roller 
skatejs make?' the wheel bearings so hot that 
we resort to oiling in ord(?r to reduce friction 
Boys sliding down a banister or a rope often 
scorch their hands. Man/ a train has 
caught lire because a loose “brake shot;” 
becomes heated through friction. And the 
shooting stars we watch for on a clear sum- 
mer night arc really jiicces of stone and iron 
heated to incandescence by friction. 

How the World Moves on Wheels 

Wc often hear the cxjircssion, “The whok 
w'orkl moves on wheels”; and many have 
said that the wheel is the most important 
and most valuable of all of man’s inventions. 
No one know\s who it was W'ho invented the 
wheel, or w^hen. It must have been in the 
dim past that a huntsman, more intelligent 
than his fellow's, found an easy way of 
bringing home his catch. Whereas his 
companions threw the dead animal upon 
their shoulders or dragged it along on the 
ground, this man placed ih^ carcass on 
smooth round poles and pulled the poles 
along as he walked. Later, perhaps, he dis- 
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covered that placing the poles in i)osition so 
that they rolled along, made the task even 
easier. Later still, with the aid of other 
experimenters, this huntsman fashioned two 
round slabs of wood, connecting their tenters 
with what amounted to an axle— and a 
crude- wagon for hauling heavy objects was 
the result. 

Whatever was the process by which man 
first learned the advantages of rolling fric- 
tion, wheels have certainly become our 
chief means of reducing the force of friction. 
All transportation on land depends upon 
wheels, and practically every machine uses 
t lie principle of the wheel. Even the steam- 
ship and the airplane make use of wheels in 
the engines which drive them. 

The other day we heard a boy say, 
‘‘Father, will you buy me a pair of ball- 
Ijearing skates? The ones T have do not 
ride well at all. Besides, I am just as good 
as the new jiiano, and even that has ball- 
bearing casters. Whether the boy under- 
stood il u he knew from experience 

that rolling friction is less than .sliding 
friction. 

Thus far we have described, in the main, 
the disadvantages of friction to mankind. 
It has seemed to be a great hindrance to 
motion. It has been a force to be overcome 
if iiossible. But friction has its uses The 
best w^ay to appreciate the values of friction 
is to try to imagine a w-orld in which it does 
not exist. In such a world, walking wouhl 
be impossible. Even standing would be 
dilhcult for man. At every stei) he would 
slij) and fall. Bear in mind how gingerly 
one walks on ice or on a highly polished floor. 

Then, too, writing w-oiild be practically 
impossible; chalk and pencils would be use- 
le.ss, and therefore unknown. As for ve- 
hicles, it is difficult to see how they could 


ride. Every wheel would spin round with- 
out moving forward, just as they do when 
a car is stuck in the mud. If we did manage 
to start a car or a train, it would .skid ter- 
ribly at the slightest turn in the road. 
Putting on the brakes would be meaningless, 
because brakes depend entirely upon friction. 

The violin as a type of musical instrument 
would not exist in a world without friction, 
since the sound produced by bowing a string 
is due to vibrations started by the force of 
friction. Perhaps you have noticed how^ a 
violinist rubs rosin on the bow before playing. 
The i)urpose of this is to increa.se the force 
of friction. Without friction, polishing, 
cleaning, scrubbing, and sand blasting w'ould 
be effort wasted. 

The most annoying thing would be that 
no object could ever be placed exactly where 
one wanted to place it. One might try to 
set a glass carefully on the table; but the 
slightest push as the hand w-as released 
w’ould start the glass moving. And since 
there was no friction, your glass w'ould move 
forever, bumping its way around from place 
to j)]ace. 

We must not forget to add that in a world 
without friction it would be dangerous to be 
out in a rain. Every raindroj) w-ould strike 
with the si>eed of a bullet. And the same 
<langer would await us in the form of me- 
teorities, for thousands of these bits of metal 
from the skies fall toward the earth every 
hour. As we said before, friction causes 
these missiles from space to get .so hot that 
they burn up in the air. P'inally, a friction- 
less world would have no sandy seashores, 
and probably no top soil. Without st)il 
plant life w-ould cease to exist, and without 
plants there could be no animal life of any 
kind. 

What a dreary place the world would be! 




This skater can speed 
over the ice because 
friction has been re- 
duced to a minimum. 



Metal skates are bet- 
ter than wooden ones 
because the wood of- 
fers greater friction. 
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THE REAL SECRETS IN MACHINERY 

Xotc: For ftasic information For statistical anft cnrrrnt facts, 

not found on this paf^c, consult consult the Richards Year Book 
the (general Index, Vol. 75. Ipidcx. 

/ nteresti Facts Fxplai ned 
What forces must be overcome in lever? i 324 

moving an object? i 323 ("lasses of levers, 1-32 7-2S 

Why is our age called the Age of The biceps as a le\er, 1-327-28 
Machines? i -323-2.^ How may a hea\y i)iano be lifled 

What is the simplest machine? by one man? i 32S-30 

1-324 Why are gears a development of 

What are the essential parts of a the wheel and axle? i 331 

Things to Think About 

What makes an automobile easy to lift a heavy stone? 

to steer? H(»w are weights and distance rt'- 

Ht)w may a small weight lie made kited in moving objects by 

to move a heavier weight? means of levers? 

How docs a crowbar help a man 

Picture Hunt 

What are the different classes of What are examples of different 
levers? 1-324 uses of the lever? i 325-27 

Related Material 

When did the modern Machine How do derricks w<nk? g 253 

Age begin? 6-84, 10- 529-3 j How do gears make it f>os^ible for 

Why must machinery be oiled? automobiles !«» oj>erate? 10 

1-382 289 

How is the principle of the lever How does the modern elevatou 
applied in the automobile operate? i 337 

transmission? 1—331 How tlo muscles do work'' 2 

How is a seesaw an example of a 329-31 

lever? 1-324, 327 

Practical Applications 

How are machines used in con- home operate on the priniipk 

struction? 1-324-31 of the lever? i 324-3* 

What simple devices found in the 

T ei surest i me A cti vities 

PROJECT XO. r: ]Make a see- your frienrls that yf>u can beat 
saw, 14 42. them at a lug of war. 1-528 

T'ROJEC T XO. 2 : Show four of 

S u tn mary State ment 
The complex machines of to- machines, 
day are elaborations of simple 


322 




THE REAL SECRETS IN MACHINERY 



In order to roll this stone uphill, one must counteract upon his own muscles for such work. To-day we use 
the force of gravity and the force of friction. Inertia. machines; for they accomplish with ease tasks for 
too, must be overcome. Early man depended entirely which our bodies are not fitted. 


The REAL SECRETS in MACHINERY 

Here Are Half a Dozen Prime Inventions That Underlie Most of 
the Vast Machines in Our Modern World 


ROM iho vrry dawji f)f time man has 
had to wage a constant battle with 
wild beasts, willi men, with hunger 
and heat and cold, with tempests, and with 
disease, but liis greatt'st battle of all has 
been with forces. Tn order to lift and to 
climb he has had to overcome the force of 
gravity. When he sought to make a station- 
ary ol)ject move or tt) sto]) one that was 
moving, he was compelled to overcome 
inertia. Kvery time he rubbed one body 
against another, much of his elTort was spent 
in overcoming friction. In time, lie learned 
how to resist these forces and how to make 
use of them, lo live intelligently was ti> 
get as much help and as little hinflrancc as 
jiossible from the forces which were every- 
where about him. 

In the begH^ning, man used only his liody. 
Tn his struggle against inertia and friction 
and gravity he could bring only his muscles 
to bear. Frequently dangers surrounded 


him; to meet them h(‘ often needed forces 
so great that his body alone could not 
po.ssibly furnish them. When his muscles 
failed him, he sulTered inconvenience, in- 
jury, and death. 

but man survived. Tic outlived many 
other forms of life and overcame many con- 
ditions which threatened his exi.stence, for 
he possessed a mind as well as a body. 
Exercising this mind, he soon learned how 
to change" his own puny force into a larger 
one. He learned, too, how the efTect of large 
forces may be reduced. Tn short, he invented 
machines! 

We must not think that machines came 
into existence quickly or easily. There are 
records of men on earth six thousiind years 
ago. Yet the pyramids, erected some five 
thousand years ago, were jiut up chiefly by 
means of bone and muscle. The machines 
used in their construction were of the very 
crudest kind. In the vears which folkiwed 
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the building of the pyramids machines were 
improved very little. The Greeks and the 
Romans, who came later, did not add much 
to man’s knowledge of how to control forces 
with machines. For any real advance we 
must wait for the 
years which fol- 
lowed Galileo and 
Newton, in the 
eighteenth cen- 
tury. And the ma- 
chines which built 
the Empire State 
Building were in- 
vented only within 
the last hundred 
years or there- 
about. 

To-day we live 
in a machine age, 
in which most of 
the world’s work is 
done by machines. 

We no longer rely 
upon our muscles 
to overcome in- 
ertia, friction, and 
gravity. We know 
thousands of ways 
by which our bod- 
ily strength may 
be magnified and 
multiplied. We 
may even save our 
strength entirely, 
and call upon 
other forces to do 
the work of mak- 
ing life safe, com- 
fortable, and con- 
venient. 

In order to un- 
stand and appre- 
ciate such complicated machines as derricks, 
steam shovels, locomotives, and automobiles, 
we must begin with a study of machines that 
are simple. The complex machines, like the 
simple ones, magnify or diminish forces, re- 
sist or overcome them, and they arc built 
upon the same principles as the simpler ones. 
The very simplest of all machines is the lever. 

If you have ever been on a seesaw, you 


know what a lever is like. When you are up 
and your companion is down, the force of 
gravity soon begins to pull you down. As 
you go down, you are lifting your companion, 
so that your weight is overcoming the resist- 
ance caused by the 
pull of gravity 
upon him. Thus, 
your motion 
downward is 
rather slow — 
much slower than 
it would be if you 
fell headlong from 
the same height 
When your com- 
panion goes down, 
the situation is re- 
versed. Tn both 
cases, a force ap- 
plied at one end of 
the seesaw over- 
comes a resistance 
at the other end. 
'Phat is why a see- 
saw' is a lever. 

In ex])laining 
how' levers of dif- 
ferent kinds oper- 
ate, it will help us 
if we learn the 
name given to 
each im|)ortant 
part of a lever. 
First, is the “ap- 
])lied force”; sec- 
ond, the “resist- 
ance” overcome; 
third, the “ful- 
crum,” which is 
the point at which 
the lever is piv- 
oted. The dis- 
tance between “applied force” and “fulcrum”' 
is called the “force arm,” and the distance 
between “resistance” and “fulcrum” is called 
the “resistance arm.” 

Let us return to the seesaw. Should your 
companion be somewhat lighter than you, 
the only simple way of kec^ping up the fun 
is for you to move closer to the fulcrum. If 
he happens to be heavier, then he must move 



As the boy lets his weight push downward upon one end of the 
steel crowbar, the heavy stone moves upward. The boy weighs 
less than the stone; without the lever his muscles could not 
even budge the stone. Notice that in the first and second classes 
of lever, the **force arm’* is longer than the ’’resistance arm.” 
In the lever of the third class, the ’’force arm” is shorter; there- 
fore it cannot be used to magnify the applied force. The boy, 
as you will notice, ia using a lever of the type shown immedi- 
ately below him. 
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Four men and two horses are at work on a job of 
excavation. Neither the men nor the animals seem to 
be overworked. It would take a whole army of hard- 
working men and mules to do this job without ma- 

closcr to it. Evidently, the distance of the 
applied force from the fulcrum controls the 
effect of the force upon the resistance. 
Similarly, the length of the resistance arm 
lie term incs the size of the force which must 
be applied to overcome the resistance. From 
this it is clear that the lever provides a 
method for overcoming a large force by the 
exertion of a smaller one. 

How the Lever Works 

A laborer uses a lever in this way when he 
pushes the point of a crowbar under a 
boulder, inserts a small stone under the 
crowbar, and leans his weight down against 
the very end of the bar. As he moves ilown, 
the boulder, much heavier than his bo^’'^ 
moves up. Another example of a lever of 
this kind in action is a claw hammer drawing 
a nail from a board. In this case, the head 
of the hamnifr, which is braced against the 
board, is the fulcrum. The nail, held by 
friction, is the resistance to be overcome. 


chines. As it is, the principles of the following devices 
have been applied in various machines — as indicated 
by the arrows: i, lever. 2 , fixed pulley. 3, wedge. 
4, inclined plane. 5, screw. 6, wheel and axle. 

The muscles of the arm pulling at the end 
of the hammer handle apply the force. Still 
other examples of the working of levers are 
a pair of scissors cutting through cloth, a 
pump handle w^orked up and down, and 
beam-balance w^eighing scales. 

In studying the action of a lever there is 
one very important fact to remember. It is 
that the small applied force always moves 
through a larger distance than does the large 
resistance which it overcomes. Thus, if you 
are the heavier partner on a seesaw and must, 
therefore, sit in closer to the fulcrum, you 
find that you do not go up so high or travel 
down .so far as does your lighter companion, 
lie, probably, has the more fun. Also, in the 
case of the the laborer using a crow-bar on a 
boulder, the man finds himself moving down 
with the handle for a distance of perhaps 
two feet while the boulder rises only an inch. 
In the same way, when you draw a nail with 
a claw hammer, your hand tugs through a 
distance of several inches in order to yuU the 
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3, combination of fixed and movable pulleys. If the 
box weighs too pounds the man 




needs 
to ex- 
ert a 
force of 
only 25 
pounds. 




I, lever of the 
first class. The fulcrum, B, is be- 
tween the force applied, C, and the 
resistance overcome, A. The man 
pushes downward to raise the box. 
The smaller the distance AB as 
compared with the distance BC, the 
easier is the man’s task. 


4. The hitting ' 
of a baseball 
with a bat 
shows the ac- 
tion of a third-class lever. 
The applied force is be- 
tween the fulcrum and 

\ the resistance over- 
come, or the ball. 

0 'K 


a: 


^ lever of the second class. 
The fulcrum is at A, where the end 
of the steel crowbar touches the 
ground. The man pushes upward 
in order to raise the heavy box. 
Here the distance AB must be small 
in comparison with the distance AC. 

5. The man 
^ could not lift 
the heavy box 
^ ^ to the plat- 

form; but he 
^ can slide it up 

inclined 

< V- plane. 




The more gradual the incline is, 
the easier is the task. If we divide 
the length of the inclined plane by 
the vertical height, we get a meas- 
ure of the ease with which any in- 
clined plane can help us to raise 
weights. 


7. There are two ways of explain- • 

ing why this man puts rollers under 

his box. We may say that when a 
body is rolled there is less friction 

to be overcome than when it is slid. wedge may be 

Or we may regard the rpUers as considered as made up 
wheels and axles with the pressure two inclined planes. 
appUed toAe outer rim. if the lefigth of the in- 

Cline is great com- 

/ pared with the thick . 

r r- . ... 'M end of the wedge, it / 
dr*" H is «ssy to drive the y 
H wedge in; for then ■ 
^ . .. ■ the wedge is sharp. \ 

* ^ ^ 

' , [ 1000 lbs. 

8. The wheel and axle is really like ^ 

a lever. The lever which the man . , • f] 

is turning may be regarded as two ' ' * H 

spokes of a wheel. The twisted 

rope is the axle. The longer the 

sock, the larger the wheel, and the - 

easier it is to drag the box. 



A 

10. A 
screw is 
really like an 
inclined 
plane. The 
picture shows 
a magnified 
view of a 



k.r 



9, the jack screw. One complete twist of the lever 
raises the looo-pound weight a distance equal to the 
thickness of the thread plus the thickness cf the groove. 



THE REAL SECRETS IN MACHINERY 


nail out half an inch. In the beam balance, 
however, the arms are exactly (‘(|ual; so the 
applied force and the resistance overcome 
are also exactly e(4uab This must be so, of 
course, if the balance is to weigh things ac- 
curately. Five pounds of sugar on one pan 
must exactly balance 
the five-pound weight 
jilaced on the other 
pan. 

If you have followed 
closely the alxn e ])ani- 
graphs, you will un- 
derstand the four im- 
portant uses of all levers, namely: 

1. 'lb change small forces into 

larger ones. 

2. To change large forces into 

smaller ones. 

3. 1\) change a small amount 

of motion into a larger 
amount. 

4. lb change a large amount of 

^lanuii into a smaller 
amount. 

Some of our readers may like to 
work with figures and lo do arith- 
metical ])rublems. 'I'hey will be 
interested in the law of the levtT, 
wliich .sjiys that in all le\'ers, the 
“force” miiUii)lied by the “force 
arm” is always ecpial to the “re- 
sistance” multiplied by the “resistance arm.” 
I’or exami)le, a boy weighing 75 pounds 
balances a sei-saw with a man weighing 150 
pounds, 'fhe boy sits 6 feet away from the 
fulcrum. How far away from the fulcrum 
does the man sit? 1 he answer is that the 
man must sit 3 feel away, since 75 times 6 
is exactly equal to 150 times 3. And more 
than that, the boy moves u[) and down 
through a distance which is twice as great 
as the distance through which the man 
moves; for his weight is half as great. 

Figure This One Out 

Can you calculate the answer to this prob- 
lem? A man wTighing 150 pounds balances 
a seesaw wit4-a child weighing 50 jiounds. 
How far down docs the child move when the 
man goes up one foot? 

All of the examples of levers which we 


have been talking about are knowji as levers 
of the first class. In this kind of lever, the 
fulcrum is always somewhere betw'cen the 
force and the resistance. But the fulcrum 
in a lever may be at one end, with the force 
at the other end. Such a lever is called a 
lever of the second class. 

A Few Levers of the Second Class 

Let us examine a nutcracker in action. 
The j)ivot or hinge is the fulcrum; and it is 
at one end. The hand, which is the 
apj)lied force, is at the ojiposilc end. 
I'hc resistance to be overcome - 
lh(‘ nut to be cracked — is some- 
where in between. So a nutcracker 
is a lever of the second class. 

There are many other examples 
of such levers, among 
which we may men- 
tion the wheelbarrow, 
the oars in a rowboat, 
the lemon squeezer, 
the safety valve in a 
steam boiler, the hole 
j)uncher, and the can 
o])ener. Kven a crow- 
bar may be used as a 
le\er of the second 
claims when the })oinl is 
inserted under a stone 
and the upper end 
pushed forward. When used in this way the 
])oint of the crowliar, which is the fulcrum, 
is at one extreme end of the lever, while the 
force is applied at the other extreme end. 

In certain kinds of levers the fulcrum and 
the resistance are at tlic extreme ends, while 
the force is aj^j^lied at a point somewhere 
between the two. Such a lever is known as 
a lever of the third class. A fishing rod is 
an excellent example of a lever of this iype. 
The rod usually rests against the body or is 
held in one hand close to the chest. I'his 
eml is the fulcrum. At the opposite end is 
the fish, franticall>’ tugging at the rope. The 
force is applied by tlic fisherman’s other 
hand at a point part way up the rod. Among 
the many third-class levers which are used 
in everyday life, the following may be listed: 
the derrick boom, the spring mousetrap, the 
sugar tongs, a pair of tw^eezers, the grass 




Here arc 
three simple 
tools which 
illustrate the ^ 
three classes 
of levers. The • 
pliers belong 
to the first 
class because 
the “fulcrum” is between the “force** 
and the “resistance.** The nutcracker 
belongs to the second class because the 
“resistance** is between the “fulcrum** 
and the “force.** The shears belong to 
the third class because the “force** is 
between the “fulcrum** and the 
“resistance.** 








shears, and the fire tongs. One of the finest 
examples of third-class levers is the biceps 
muscle of the human arm. Examine your 
own carefully, as you use it to raise a book 
held on the palm of your hand. The arm is 
hinged at the shoulder, which is the fulcrum. 
The weight of the book is the resistance to 
be overcome. Thus, fulcrum and resistance 
are at the extreme ends of the lever. The 
force, applied by the biceps muscle acts, of 
course, at a point between the two ends. 


The Use of Third-Class Levers 


An interesting fact to be noted about 
nearly all levers of the third class is that 
they are used chiefly to produce a large 
amount of movement on the part of the re- 
sistance. The force applied is therefore 
greater than the resistance overcome, and 
moves through a distance which is shorter. 
You might see if this is not true in each of 
the examples of third-class levers that we 
have just described. 

Some time ago the WTiter witnessed a 
strange tug of war — strange for two reasons: 
first, because one small boy j)ittcd his 
strength against four larger ones; and second, 
because of the astonishing outcome of the 


again, then around the first once more, then 
around the second stick a third time and 
around the first stick a third time. The 
loose end was held by little Henry, who was 
the sole opponent against the four huskies. 
It was his .aim to pull hard on his end of the 
rope, so as to bring the two sticks together 
and make his opponents' hands touch. They, 
on the other hand, were to pull the sticks as 
far apart as possible, in .in effort to pull the 
rope out of Henry's hands or pull him off 
his feet. 

“Ready, go!" yelled the referee. Jim, 
Robert, Frank, and Sam dug in their heels 
and ])ulled for all they w'crc w^orth. Strangely 
enough, Henry held his own against them, 
without overexerting himself. Then Henry 
gave a yank, and the rope began to slip 
around the sticks. At the same time, the 
sticks drew closer together. Frantically the 
four boys redoubled their efforts; but try as 
they w'ould, they could not keep the sticks 
from approaching each other. Finally, with 
a last jerk, Henry brought the two sticks to- 
gether, squeezing his oj^ponents* knuckles 
somew'hat painfully, it must 1)C admitted. 

When asked to cx|)lain how the victory 
was w'on, Henry, who had learned something 
about levers, repu d, ‘‘Why, it was sim])le. 


match. For the small boy won. This is 
how it happened: ^ ^ T was at the proper end of a 

One end of the rope was tied a tug of war against Jim, Robert, pulley. It was just as easy for 
to a smooth broomstick, held out-pull them as it is for 

horizontally by Jim and Rob- hard, since the stick-and-rope ar- a man to hoist a heavy piano, 
crt. Frank and Sam held a S^**^:^* *c"ount thU '‘"P® 

similar stick and stood facing number of strands of rope passing wTapped around the sticks, the 


, 1 • . . . rr^i around the sticks, you will find that • • . • r . i * 

their two team males. Ihc there are exactly s«, not counting easier it is for anyone to bring 


rope was looped around the the one m Hemy a hands. Every the sticks together. 

j . , , , time Henry pulls out six feet of , , r 

second stick, then around the rope, the other boys come a foot the pulley is the second of 

closer to each other. simple machines tlmt hav^e 


first, then around the second 
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-become very useful to man. Pulleys are of 
two kinds: fixed and movable. Each kind 
has its special purpose. 

The fixed pulley is useful, first and last, as 
a matter of convenience. It does not mag- 
nify the force applied to it and, therefore, 
does not change the amount of motion caused 
by it. What it does change is 
the direction of the ai)p1ied 
force. One pulls down on the 
rope in order to raise the Hag. I Si 
The fixed pulley makes this ^1 
possible. The same thing is *1 
true of a clothesline. The rope . 
j)asscs around two fixed pulleys, ! 

and with such an arrangement, ' ? ^ I 9 
one j)ulls the cord toward one- ^ i 

self, in order to send the wash- % ’^1 

mg away. Also, every window j 

frame that moves up and down ^ ^ 

is attached to sash weights at 
each side. When the sash ^1 
weights go down, the window ]^|| 9 || 

goes up, Ihis is because the ^ 

cords which tie the weights to jH| Wt* 
the window frame ])ass over ^ j 

fixed imlleys. The fixed pulleys 
change the direction of the ap- 
j)lied force. All these devices 
, add greatly to the convenience 
of daily living. 

Henry won the tug of war This piano mov 
because he made use of the p.^j 
principle of the movable pulley, the piano. Sin 
In order to understand this jSieyfeaSi'tin 
idea, let us consider a loo- clear to the groi 
pound weight hanging from a it takes six tri 
single movable pulley. The 
rope is tied to a beam at the 
top, passes around the pulley, and then up 
and around another pulley fixed to the beam. 
One takes the end of the rope and pulls. 
Apparently, it needs only a 50-pound pull 
to lift the loo-pound weight. Now why? 

Why Henry Won the Contest 

The simplest explanation is that the weight 
is being supported by two strands of the cord. 
Each strand eAvries half of the weight, that 
is, 50 pounds. In* pulling, one draws on only 
one strand; so one needs to pull with a force 
of only 50 pounds. 


This piano mover is a lazy fel- 
low. He lets the force of gravity 
pull him down, and so raises 
the piano. Since there are six 
strands attached to the movable 
pulley, each time the man falls 
clear to the ground, the piano is 
raised one-sixth of the distance. 
It takes six trips from window 
to ground to raise the piano to 
the window. 


But note also this fact: as the weight rises 
a distance of one foot, each strand is short- 
ened by one foot. So one must pull out two 
feet of rope to make the weight rise one foot. 

Now let us suppose that two pullers 
are placed so that they may turn on the 
same axle. The loo-pound weight is at- 
tached to this double movable 
pulley. The necessary fixed 
pulleys are j)rovided at the 
lop to change the direction of 
^ ^ the ap])licd force, and a rope is 

I ' i wrapped continuously around, 

’ * “1 as before. The weight is now 

3 ^ supported by four strands of 
the cord, each supporting one- 
‘ B quarter of the total W'eighl. 

i Clearly in this case it takes 

y 4| ^ 25-poiind pull to raise 

1 the loo-pound weight. And 

X/eim w one must draw out four feet 

Up I of ro])e for every foot that the 

jpM ‘ weight rises. 

\ The ordinary block-and- 

tackle [)ulley, used for hoisting 
Vi heavy objects, contains three 
^ Jn i^ovable pulleys, supporting 

the weight by six strands. 
Thus, a pull with this machine 
jHIlHi is multiplied six times. It is 
no wonder that Henry was 
er is a lazy fel- able to out -pull his four oppo- 
Md%*o raises J^^*^*^* The broomstick ar- 
:c there are six rangenient was, in reality, a 
triple-block pulley, with six 

nd, the piano is strands attached to the mov- 
of the distance. ,, 1 tt* . 

IS from window able end. His puny strength 

tse the piano to magnified no less than six 

times. Those who saw the 
contest noticed also that Henry pulled his 
end of the rope through a distance six times 
as long as the space through which the tw'o 
sticks traveled. That was to be expected, 
since every time the sticks approached each 
other a distance of one inch, six strands 
were each shortened one inch. The six 
inches of loosened cord had to be pulled 
out by Henry. 

Have you ever happened to see a lazy piano 
mover raise a piano by jumping out of the 
window'? It can be done — but the indolent 
w'orkman must jump, not once, but six times. 
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The picture in the upper left-hand corner shows a 
single movable pulley with which a 3-pound force 
can be made to lift a 6-pound weight. Upper center: 
single movable and single fixed pulleys. This arrange- 
ment gives no extra advantage other than a more 
convenient direction for pulling; you can pull down- 
ward instead of upward, as you would do with' the 
pulley to the left. Upper right-hand corner: block 
and tackle consisting of two fixed and two movable 


pulleys. Since there are four strands on the movable 

E ulleys, a 3-pound force can lift a 12-pound weight. 
>ower left-hand corner: a rolling-pin used as a wheel 
and axle. A i -pound force at nm results in a 
4-pound pull at the hub. Lower center: a jack screw 
A small force applied at the lever can lift a house 
Lower right-hand corner: one complete turn of the 
2o-tooth gear will cause the lo-tooth gear to make 
two complete turns and the 5-tooth gear to make four. 


When the writer saw it done, a triple-block 
pulley was fastened to the piano, which had 
to be raised three stories. The man walked 
up the stairs to the oi)en window, grabl>cd 
the pulling rope, and jumjxxl. The force of 
gravity pulled him down; and the piano went 
up. Since there w'ere six strands suj)porting 
the piano, the man’s fall of three stories 
raised the piano only onc-sixlh of tlie required 
height, that is, one-half of one .*^tory. So he 
repeated the o]>eration six times; and the 
piano was raised ! 

Why a Car Cannot Be Steered by the Shaft 

The wheel and axle is the third of the 
simple machines we shall learn the ways of. 
Have you ever tried steering an automobile 
by turning the shaft rather than the rim of 


the steering wheel? U cannot be done. The 
force your hands can exert is hardly great 
enough for the task. 'J'his same force applied 
to the rim of the steering wheel is magnitied 
so many times that the car swerves at the 
slightest touch. Thus, a wheel and axle does 
what all simple machines do; it changes a 
small force into a larger one, or it changes a 
large force into a smaller one. The extent of 
this change depends upon how many times 
larger is the diameter of the wheel than the 
diameter of the axle. 

Often a wheel and axle is used to j)roducc 
rapid motion rather than to magnify the force 
applied; this is true in the c:\§i; of the grind- 
stone. One cranks the things .slowly; but the 
emery wheel whizzes round at great speed, 
l^^ow'ever, in this case the force of the crank - 


330 
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Ing is as many limits grt*alcr llian tht* fon t* 
exerted at the rim of the wheel as the speed 
of the wheel is greater than the sj)eed of the 
cranking. 

Valuable Kinds of Wheel and Axle 

There are many examples of the wheel and 
axle principle in everyday life. Everyone 
knows how a bicycle works. As you move 
llie pedals, the sprocket wheel receivt's the 
applied force. The chains transmit this force 
to the axle of the rear \vhe(‘l; but the size of 
the axle is usually considerably less than 
that of the sj)rocket wheel. So the axle 
turns much faster, and with it, the rear drive 
wheel; .so the bi('ycle moves forward at great 
si)eed. Once you have started your bicycle 
and have overcome inertia, the only force 
holding yoe back is friction; and this is not 
very great. Slumhl yini reach an up grade 
in the road, however, you are at once held 
back by gravity. Eurthermore, the ])ull of 
gravity is multiplied by the ^^hecl and axle, 
so that your pedaling must overcome this 
much-magnified force. 'That is Nshy it is 
es|)ecially hard to ride a bicycle uphill. 

.\mong the* many other interesting ex- 
ami)les of the wheel and axle, the following 
may be mentioned: the meat grinder, the 
faucet handle, the door knob, and the rolling- 
])in. 'rhe hands of a clock, also, illustrate 
the same i)rinciple. Did you ever notice how* 
much more easily the minute hand can be 
moved than the hour hand? 'I'he hour hand, 
though harder to move, revolves only a 
twelfth as fast as the minute hand. Here, 
too, the greater the .sj)eed, the smaller the 
force. 

One of the most valuable kinds of wheel 
and axle is the gear. When a toothed wheel 
containing loo teeth on its rim engages an- 
other wheel with lo teeth, the lo-loothed 
wdieel turns around ten limes for every single 
rotation of the ioo-tuothe<l wheel. In this 


way rapid motion is obtained, but, as usual, 
at the expense of the force exerted. 

ICvery motorist know^s that a steep hill 
must be “taken in low gear'’; for “low^ gear” 
means slow' sj)eed and slow' speed means great 
force. The transmission of an automobile is 
a collection of geared wheels that may be 
made to engage each other in differenl wax s 
by changing the position of the transmission 
lever. When the engine's pow'cr is trans- 
mit tod to the rear w heels by W'ay of a many- 
toolhed wheel that engages one of fewer 
teeth, high .speed is the result. W^hen this 
power is transmitted by W'ay of a wheel with 
few teeth that engages one w’ith a greater 
number, the result is low’ speed. 

Three other simjde machines have impor- 
tant uses in the world a]>oul us. They are 
the inclined jdane, the screw, and the wedge. 

Every slairease is a modified inclined plane. 
We could nx'ich our rooms more quickly with 
ladders than with stairs: hut wc .should have 
to exert more force in y)roportion lo the length 
of time it look. An inclined plane helps us 
to overcome the force of gravity. That is 
why a road W’ay up a mountain side winds 
back and forth. The more graflual the in- 
cline, the easier it is to climb to the top 
but the longei it takes. Often heavy objects, 
such as safes, are rolled up or down an in- 
clined plane. This simple machine work.-i 
both ways. It helps us to lift a body against 
gravity with a force that is smaller than the 
body’s weight, and it hel])S us to lower a 
body gradihilly and so avoid breaking it. 

The screw and the wedge arc simple ma- 
chines whose action resembles that of the 
inclined |dane. The lifting jack is an excel 
lent example of the screw' principle. B_' 
means of it, hou.sc^s may be lifted off the 
ground. The action of the wedge i.^ best 
illnslralcd in such aj)j)liances as the pin, the 
needle, spears, knives, chisels, and in the 
many other tools which the caqxmter uses. 
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WHAT IS WORK? WHAT IS ENERGY? 

Note: For basic information For statistical and current facts ^ 

not found on this page^ consult consult the Richards Year Book 
the general Indcx^ Vol. 75. Index. 

Interesting Facts Explained 

Why does man build machines? What are different forms of 
I '333 energy? i- 339-41 

What is work? 1*333 How may a falling body release 

When is work done? 1-333 energy? 1-339-41 

How is work measured? 1-338- What is the original source of 
39 plant energy? 1-34 1 

What is energy? 1--339 

Things to Think About 

How does an Indian bow do that does not budge? 

work? How do elevators and escalators 

Is work being done when a man do work? 

strains to move a heavy trunk How may gravity do work? 

Picture Hunt 

How does the string on a bow tion doing work? i -333 

do work? I- 340 How may moving water be put to 

How are the boys in this illustra- work? 1-339-41 

Related Material 

How may heat and light energ>' How may the energy of falling 
be produced from electricity? water be put to work? 1-370, 

1- 383, 386, 522-28 505, 10 398 

How does food provide energy? How is work done by a steam- 

2- 334, 360, 366 ship when it moves? 10- 299- 

How is breathing related to the 300 

release of energy? 2-51 How do the Dutch use windmills? 

What is the source of most of our 6 344, 345, 352 

available energy? 1-341,343- What substances are used for 
52 fuel? I *384 

Practical Applications 

How are mighty waterfalls like ing? 1-335 

Niagara put to work? 1-339, How does a motorbus do work? 
341 1-335 

How is work done in road build- 

Leisure^time Activities 

PROJECT NO. i : Make a PROJECT NO. 2 ; Make rtow 
power house, 14-37. and arrow, 14-39, 49. 
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l’liotri*i II AriiistronK 


WHAT IS WORK? WHAT IS ENERGY? 

We Are Here Going to Talk about These Important Words as a 
Modern Scientist Employs Them 


NE great difference between life and 
death is that living things arc more 
likely to change. Of course dead 
things change, too; but they change more 
gradually and more slowly. When wc in- 
f|uirc into the nature of the change that goes 
on among the living creatures of the world, 
we find that nearly always change begins 
with movement. Life — change — movement; 
movement — change — life; it is a cycle from 
which no one on earth can cscajK*. Plants 
and animals move themselves from place to 
place, pushing aside objects that are in the 
way. Escai)ing from an enemy, the\' go from 
rest into motion; in catching their prey, they 
cause moving things to stop. In order to 
build a shelter, they move materials fiom 
one place to another; in order to over- 
come the resistance of land, air, and water, 
they develop ingenious ways iff moving 
about. , 

N^ow we have already learned that only 
man has had intelligence enough to make 


movement easy. When his owm muscles are 
too weak to overcome gravity, inertia, anri 
friction, he invents machines to help him. 
With these machines he multiplies and mag- 
nifies the forces of his own body. These 
forces push upon objects, pull upon them, 
and change them from a state of rest to one 
of mot ’on, or from motion to rest. Wlienever 
a body moves, U'ork is done. Work is done 
when a book is lifted; work is done when a 
stone is thrown. Work is done when the 
wand blow\s, and w'ork is done as the river 
sweeps along. Man docs work when he 
w'alks and w'hen he tosses about in his sleep. 
He w'orks w^hen he eats and when he talks. 
Since living man is never absolutely at rest, 
he is performing work all the time. Just as 
truly as forces tend to cause movement, so 
any movement on the face of the earth in- 
volves work that is being done. 

In the several paragraphs below are sam- 
ples of w’ork being done. Read them care- 
fully, for each contains an important idea 
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which scientists hold about the work of the 
world. 

A hunting expedition .slowly forced its way 
through the jungle. The guide headed the 
procession, followed by the two men 
who were pa) ing the exix^nscs of 
the trip. After them came a long ^ 

line of natives, each carrying a 
heavy pack. With bodies ^ 

bent double by the load, the 
carriers stuml)lcd on, over 
tangled vines and through 
thorny bushes. Several times JMM 

an hour they were forced to JHH 

stop, to catch their breath 
and to rest their aching mus- 
cles. Perspiration dripped 
from every pore of their 
bodies. All this work, in ^ 
order that a few men might V \ 
live in the jungle for a week 
in reasonable comfort I 


the reply. The clerk placed the rod between 
the jaws of a long shearlike tool, set exactly 
at the mark on the rod. “Here,” said he 
to the boy, ‘‘cut it yourself.” The boy then 
pulled the lever ami the jaws bit through 
the half inch of metal as if the rod 
were butter. 


I n another chapter we have 
already told you how a man 
once raised a piano by jump- 
ing out of a window. 

Ridiculous, do you say? 
Well, it is often done by 
jdano movers who would rath- 

f er permit gravity to do 
work upon their bodies than 
to work with their bodies to 
I overcome gravity. Let us 

explain. 

'I'he [)iano U attached to 
the movable end of a triple- 
block j)alley. v‘si\' strands suj>- 
porl its weight. "I'he piano 
mover walks up the stairs and 
lo the ihird'lloor window into 
which the piano must be lifted. 




“Vour Highness,” said .\rchi- ' mover walks up the stairs and 

medes to the King of Syracuse, - * m the ihird lloor window into 

in ancient (Ireece, “I am not a ».x i iH.i v.i^ou... which the piano must be lifted, 

very strong man, but 1 can Stumbling over tangled vines lie looks down at the piano on 
move any wcighl whatever. If the street below. In front, of 

there were .some firm object not man for miles. In order to cal- him is the pulling rope, dan- 
on the earth against which I S*e*shouW to^ lmow!^not gling from the ])iilley fixed to the 
could lean, 1 might even move distance covered, but roof cornice. He grabs the null- 

the earth wherever you Wished, by the road to the combined mg rope and jumps. Rut he does 

'^riie Kinff was amu.sed; hut weight of the men. nni bill 


The King was amused: but weight oi 
he knew from exi)ericnce that Archimedes’ 
ideas were to be re>|H*cted. “Prove it,” he 
said. ‘‘Do you see that large galley anchored 
offshore? Let me see you pull it in on the 
sand.” 

Archimedes got ropes and levers and pul- 
leys, and arranged them so that his own weak 
effort was magnified many times. I'naidcd 
by any other human force, he made good 
his boast. The galley was soon resting on 
the sand. 

♦ *♦***♦ 

A boy went into a hardware store to buy 
a brass curtain rod exactly thirty-one inches 
long. 'J'he clerk measured off llie dcsireil 
length on a solid metal rod that was very 
much longer. “How are you going to rut 
it?” asked the boy. “Wait and see,” was 


me men. not fall vervfasl.Whenbereaches 

the street, the piano has gone up half a story. 
.Asking his helper to hold the rope, he mounts 
the stairs again and ret)eats his leai). The 
piano is now one-third of the way up. Four 
more jumps and the piano is at the third-lloor 
window I 

V e « e « e « 

In the factory where water is artificially 
frozen into large cakes of ice, a long and 
gradually inclining chute reac hes from a lloor 
above to the wailing trucks lielow. A man 
stands at the head of the chute, where a 
crane lowers cake after cake to the slide. 
The cakes are so heavy and the incline .so 
gradual that the ice does noljuiwe. So the 
man gives each cake a shove as it is lowered. 
Down it goes, into the empty truck below. 
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* After the fire was put out, the site where 
the building had stoo<l held a huge heap of 
charred beams, shattered brick, and broken 
glass. It was most unsightly. A wrecking 
crew of two men appeared, one on a dump 
truck and the other on a lumbering steam 
shovel. They began work at eight o’clock. 
A fire was built 
under the boiler 
and steam was 
soon hissing from 
the valves. 'Fhc 
mighty jaws ol 
the shovel .swung 
over the pile of 
rubbish, fell down 
upon it, bit 
d e e [) 1 y , and 
closed. At a 
throw of the lever 
the shovel rose, 
sw'ung toward 
the truck, an<l de- 
posited ila i'Uge mouthful, 'firclcssly and 
ceaselessly it continued these movements 
until the truck was filled. Another truck 
rolled uj), received its load and drove away. 
By noon the entire lot was clear and clean. 
Not a piece of junk remained. 

* * * * * Ha * 

How sliould you like to live in a house on 
wheels? All the conveniences of a modern 
dwelling are to be had in lhi^ bungalow built 
ujHm an automobile chassis that can travel 
l(^ any .spot wliich tlie owner wants to go. 
'I'he gasoline engine that moves the car also 
j)umj)s the running water through the plumb- 
ing of the house, 'fhe same engine generates 
the eleitric current with which the hou.se is 
lighted, j)rovides electricity for the stoves, 
rings the doorbell, drives the washing ma- 
chine, and operates the radio. On warm 
days the engine furnishes energy with which 
to cool the air, and on cold days it sends 
current wdth which to heat the fireplace. 
Hay and night, throughout the year, it 
keeps the refrigerator well j^rovided with ice. 
Phis marv’clous engine, in return for all the 
work and service it docs, asks for very little: 
a certain amount of care and attention and 
plenty of water, oil, and gasoline. 


When the elevator was full, the attendant 
pii.shed a but Inn and the two gates shut 
automatically. Two tons of matter then 
began its rapid climb, defying the pull of 
gravity. Someone wished to get olT at the 
89th lloor; wliereupon the operator pushed 
button \(). S9. When the lloor was reached, 
the car leveled it- 
self exactly and 
both gates sprang 
open. The entire 
trip to the 102nd 
lloor- more than 
1,200 feet above 
the street- -look 
four minutes. 

* * * * 
Tons of w'alLT 
dropped verti- 
cally through a 
large j^ipe and 
dow'n u|)on a 
wheel. The wheel 
spun round at a terrific speed, turning with 
it a huge dynamo. TIktc was, in fact, 
enough water for a do/.en such electric gener- 
ators, all of which pum])ed their energy into 
a network of wires that spread out over an 
area of hundreds of s(juare miles. There the 
electricity was laiiped from the wires to light 
homes, drive trolley cars, toast bread, play 
radios, ojierale machines, and do work of all 
sorts. Some of tlie energy was even used to 
light lamps in a hothouse wliere electricity 
hel|)ed plants to grow. The entire power 
system was under the careful observation of 
a handful of men. Most of the time these 
men had little to do. 'Fhey watched instru- 
ments, made notations, pushed buttons, 
threw switches, and telephoned to each other 
at regular intervals. 

41 4 c * « * « « 

“Watch out for that trunk!" came the 
warning erv when a peilcst rian seemed about 
lo Ik' hit by a piece of luggage tottering 
above his liead on the edge of a trunk. He 
reached up lv> vv’ard off the blow and found 
himself being pushed down by a great weight. 
He was just strong enough to keep the trunk 
from cru.shing him to the ground. The trunk 
did not budge; and neither did he. It was 
a clumsy situation. Straining every muscle 



All this tremendous work a modem machine can accomplish. It 
would take hundreds of men to equal the achievement in the 
same length of time. 
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and with perspiration running down his face, 
the man kept his position. It was five min- 
utes before the men could bring him relief. 
“Whew! That was hard work!” said the 
pedestrian. “W’hy, he did no work at all,” 
said a professor of science who had witnessed 
the accident. 

* * *41 * * « 

John came home to supper after playing 
a game of football. Jim came home after 
spending the day studying in the library. 
“Gosh, I’m tired,” said John. “So am I,” 
countered Jim. “Oh, how can you he tired?” 
replied John, “you did no work at all. Just 
sitting in a chair with a book! 1 workedr 

Without taking sides in the argument as 
to which of the boys spent his time most 
profitably, can you sec any truth in the idea 
that John had worked the harder and that 
Jim had done no work at all? 

**«**«« 

On the cold gray morning of December 2, 
1942, a small group of scientists gathered in 
the handball court underneath the West 
Stands of Stagg Field on the campus of the 
University of Chicago. Before them, as 
they stood and talked with hushed voices, 
was a huge, dark, knob-shaped structure, 
one unlike any other ever built by man. 
Scientists spoke of this secretly built de- 
vice as the “pile,” for it was really a pile of 
carbon and uranium (d-ra'ni-fim) blocks. 

One of the learned men slowly takes his 
watch from his j)ocket. “Very well, gentle- 
men, let’s go,” he murmurs. The group 
shuffles into a small shack at one end of the 
court. Inside the brilliantly lit room is a 
huge control board, a maze of colored lights, 
dials, and electrical instruments. A hush 
falls over the group as one of their number 
turns several small dials. “All cadmium 
strips have been removed except one,” he 
reports. 

All eyes are focused on the meter aliove 
which is a neatly lettered plate bearing the 
words “Temperature of Pile.” As the op- 
erator’s hand turns the lever, the needle of 
the meter upon which all eyes are fixed be- 
gins to crawl upward. 90® . . . 95® . . . 
100® ... no® Fahrenheit. Hold it! 

A murmur sweeps over the group. 

“It’s working!” 


“Our i)rcdictions have come true I” 

“The pile works!” 

The operator, however, does not let his 
eyes leave the meters, for he knows that he 
is keeping a Titan from running wild, a 
Titan who, if left without control for even 
a few seconds, would break his bonds and 
work havoc. That last cadmium strip must 
not be withdrawn too far, for if it is, the 
heat generated in the dark mass of material 
under the stands would be so enormous that 
it would result in a genuine catastrophe. 

In each of the several paragraphs above, 
some form of work is being accomplished. 
Yet, upon close examination, many difTcr- 
ences appear. In the case of the men in the 
jungle, the work is done in the most primi- 
tive way — the only way man knew until very 
recently. 7 'he natives exerted muscular force 
against the resistance of gravity and friction. 
The amount of work they performed de- 
pended upon tw\) things: the size of the 
force necessary to keep moving and the dis- 
tance covered. A good method of i)aying 
the men for their work would have been to 
consider the weight of their packs, the rough- 
ness of the road, and its length. 

When we come to the story of Archimedes, 
we note that an incredible amount of work 
may be done by one humanjDeing if the latter 
makes use of machines operated by his 
muscles. Having learned the ways of pul- 
leys, we may be sure that Archimedes pulled 
weakly over a long distance in order to make 
the heavy galley move over a short one. 
Nevertheless, the amount of work done may 
again be measured by two things: the size 
of the force exerted and the distance covered 
by Archimedes; or, the size of the resistance 
overcome and the distance through which it 
moved. 

The boy in the hardware store makes use 
of another simple machine, or rather, two 
of them: the wedge and the lever. Here, 
too, the work done is the result of a large 
cutting force moving through one-half inch 
of metal. 

The lazy piano mover working against 
gravity permits his own small. weight to fall 
six times through the desired height in order 
to move the heavy piano only once through 
that height. The work done is the product 
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A moving staircaBe, or escalator, must accomplish 
several difficult tasks. First, it must provide a 
horizontal tread on which the passenger may 
stand comfortably even though the entire de- 
L. vice is moving up an incline. Second, the 
inclined stairway must change into a hori- 
L zontal moving floor at the beginning and at 
^ the end of the trip. Third, each step must 
be arranged so that the stairway can 
make a return trip from top to bot- tthms 
tom in an endless chain beneath 
the stair floor. Finally, the driv- 
ing mechanism must be powerful 
enough to keep the chain moving 
even if the staircase is crowded to 
capacity. The first three of the 
tasks mentioned are accomplished 
by a set of wheels attached to 
each step. Two of the wheels 
follow an upper track and two 
a lower track. The wheels 
^ and the tracks may be seen 
in the picture at the bottom 
ofthepag,. 








% 






In tall buildings, the moving staircase gives way to the 
^ elevator. Here we need a motor which will lift car 

^ and passengers vertically. The weight of the car is 

tk always balanced with a counterweight, 

^ ^ shown just beneath the car in the pic- 

,4^ ture at the right. Because of this 
M % 44^^ balance, the weight of the car is really 

Jf \ I H lifted by the fall of the counterweight, 

o _■ 1 flH When the car descends, the necessity 

s. for lifting the counterweight prevents 

a too-rapid fall. The motor at the top, 
tf < n which moves the drive shaft, does 

only the work of lifting passengers 
(V ’r' - and of re- 

2 tardingthe 

■ descent 

When going up the in- M 

dine, the double track W 

changes to a single track, 
bringing the steps into proper 
position. One may, if necessary, 
walk up this staiicase. Both tracks 
are necessary when the steps move into 
horizontal formation, when they travel ^ 
around the drivewheels, and when they re- 
turn, in an inverted position, to the lower level. 

The drivewheels are rotated by electric motors 
powerful enough to lift all the weight that can be 
crowded-wpon the stairs. 



l*hot(M by Olia Klevator <*<•. 
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of a force moving through a distance. Note 
that the distance is measured in the same di- 
rection in which the force is acting. Gravity 
exerts the pull. 

The ice cakes sliding down the chute furnish 
a somewhat more complicated instance of 
work being done. The weight of the ice which 
is the force of gravity . 
acting upon it pulls 


the same direction as that in which the force 
acts. 

The two instances which follow the four 
above referred to are somewhat puzzling. 
Does the [)edestrian pushing the motionless 
trunk do any work? And does Jim, the 
student, do work when he sits quietly study- 
„ ing? According to the 
f scientist’s delinition 


downward vertically, 
as always. Yet the 
motion of the ice is on 
an incline. Here we 
must distinguish be- 
tween the amount of 
work which the man 
does and the amount 
of work w'hich the 
force of gravity itself 
performs on the ice. 
The man shoves the 
cake, in that way 
overcoming inertia 
and friction. 'Fhat is 
all the work he does. 
Gravity does the rest. 
In calculating the 
amount of work per- 
formed by gravity, we 
multiply the weight 
of the ice cake by the 
vertical drop. It does 
not matter how long 
the incline is. 

The four instances 



of work^ they do not. 
In neither case is 
there any motion. 
True, the force ex- 
erted in the [)edes- 
trian's case is great 
enough; but it results 
in no movement. So 
the work accom- 
plished zero. As 
for Jim, he may feel 
very tired, but he has 
done no work, in the 
scienlitic sense of the 
word. 

'I'o repeat, the 
scientist calculates 
work by multiplying 
a Jurrr times a dis- 
tance Since forces are 
measured in pounds 
and distances in jeet, 
work is measured in 
Jool pounds. When a 
man lifts a ten-pound 
weight through a 


which follow the inci- ^ ^ ^ 

. , Shouldn’t you hate to be under this rock if it should 

dent of the ice cakes fail? Standing as it does, balanced, seemingly, on a 


represent the jirogress 
which man has made 
in his ability to per- 


mere point, it possesses potential energy. Were it to 
fall, its energy would change to the kinetic energy of 
motion. Upon its striking, this energy would change 
to heat. 


height of live feel, he 
performs lo times 5, 
or 50, foot pounds of 
work. Again, when 
Liiis same weight is 


form work. Not only has he applied ma- dragged horizontally for five feet against a 


chines which magnify tremendously his 
meager b(xlily force, but he has learned to 
dispense with this force altogether. Instead, 
he calls upon the steam engine, the gasoline 
engine, the electric motor, and the water 
turbine. He himself pushes buttons or 
throws levers. Nevertheless, the amount of 


retarding force of friction ecjuivalent to two 
pounds, the amount of work done is 5 times 
2, or 10 foot j)ounds. It usually takes less 
work lo drag a weight than to lift it. 

Finally, we come to the experiment f)er- 
formed in the handball court on the campus 
of the University of Chicago. Here we see 


work accomplished is determined by the one of the early attempts to convert matter 
.same two factors: the force exerted by the directly into energy. The experiment w^as a 
engine and the distance through which it forerunner to the development of the atomic 
moves — always measuring the distance in bomb, which helped to bring to a successful 
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All moving objects possess energy, for they are able 
to do “work.** Here we see a large body of water 
that is stored at an elevation and permitted to flow 
down to the water turbines in the power house. As it 

close the Icrrihle Second World War. 

What Is Energy? 

The ability to do work is called energy. 
“Knerg) ' is another of the terms wlih h, like 
“acceleration,” “force,” and “work,” has 
taken on an imjiortant and sj)ei’ial meaning 
in science. Lei us try to understand this 
meaning. 

Anyone who suddenly fmds himself under 
a heavy safe that is dangling in the air, is 
(luick to get “away from under.” If reijuired 
to c.xplain this feeling of uneasiness, one 
might j>oint to the conse((uences, .should the 
safe fall. The scientists’ explanation would 
be that the safe in the air possesses an ability 
to do work, that is, it possesses “energy.” 
Should it fall, it would give up that energy 
at the point where it came to a slop. If the 
safe weighs 2,000 pounds and falls through a 
distance of 50 feet, the amount of energy 
released at the end of the fall would be >,000 
times 50, or 100,000 foot pounds. 1'hink of 
being suddenly overwhelmed by so much 
energy! 

How Falling Bodies Release Energy 

I’hat falling bodies release energy in this 


stands in the reservoir, the water has potential energy. 
This is changed into kinetic energy as the water 
flows. As the water is made to turn dynamos, the 
kinetic energy is changed into electric energy. 

way is well known. Falling water is an ex- 
cellent illustration, for we use the energy re- 
leased i)y the fall to dri\e water wheels. The 
wheels turn dynamos that generate electricity 
for doing the world’s work. 

All moving objects, in fact, p()s^ess energy, 
for they are able to do work. The winds 
moving air (it) work in blowing objects 
about and in raising waves in the ocean that 
grind rocks into sand. Flowing rivers dt> 
work when they wear away the soil. 'Phev 
cut deep valleys across continents, and carry 
each Near millions of Itms of malter to the 
oceans, if someone were to stoj) the earth 
in its motion, c'ounlless trillions of foot 
pounds would he released. It is fortunate 
that there is nothing in space to stop the 
movement of the heavenly Innlies, for they 
possess irementious amounis of energy, by 
virtue of their motion. This energy is never 
released in any appreciable amount. 

Why a Bow Can Do Work 

Bodies not only possess energy by virtue 
of their position as in the case of the dan- 
gling safe or hy virlue of their motion as 
in the case of llowing water- but also by 
virtue of their condition. Let us lake the 
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case of an arrow just before it is 
released from the bow. The . / 



For thousands of ^ 
years men have ’ • 
watched lightning 

flash across the sky ^ 0 

and have observed • w^ 

its dire effects^ but ^ 

only lately have they Bodies not only possess energy by vir- 
found out that it is a tue of their position, or by virtue of 
form of energy, which their motion, but also by virtue of their 
they are able to dupll- condition. This gives energy to the 
cate on a small scale tightly stretched thong of the bow, just 
m the laboratory. before the arrow is released. 


tions, is able to do work. In addition to^ 
mechanical energy, therefore, there is also 
“heat energy,^’ a second kind of energy. 
Now let us consider once more our house 
on wheels. Where does the energy 
come from which performs all the 
HHP different kinds of work in the house? 

From the gasoline engine, of 
where docs the 
engine’s energy come from? 
Clearly, it comes from the gasoline. 
Thus, gasoline, having the ability 
to do. work, ])os^esses energy. This 
energy, however, is not mechanical, 

■ nor is it heat energy. It is a third 

I kind, called “chemical energy.” 

I VjA W'e know that the 

I I , gasoline combines 

^ ^ ^ chemically with 


arrow is perfectly still; the bowstring and 
stick are stretched to the limit. The bow 
possesses energy by virtue of its stretched 
condition; for, when the hold is released, the 
arrow flies out and is able to do work. I'he 
same is true of a stretched rubber band or a 
wound-up cl(x:k spring or phonograph motor, 
rhey possess energy even when motionless, 
for they are able to do work when released. 

There are several different kinds of energy. 
Knergy by virtue of position or of motion 
or of condition, in the sense described above, 
is called “mechanical energy.” But me- 
chanical energy is not the only kind of ability 
to do work in the w'orld about us. Consider 
the following: 

The blazing fire in the furnace of the steam 
shovel is undoubtedly responsible for the 
work which the shovel does. The heat of 
the fire boils the w'ater, the water changes to 
steam, and the pressure of the steam operates 
the engine. So the jaws of the shovel dig 
into the ground because there is heat in the 
fire. Evidently heat, under certain condi- 


the oxygen 
the 

that I , 

doing so, 
produces great 
quantities of gases 
that seek a wav out 

f . , ; ' I ' Heat is a form of energy and 

of the engine s eylin- under certain conditions it 

dors. The pressure “ .*'>1® to do work, it re- 

. , * quired energy to make this 

of these gases nu>ves steel beam glow. Some of 

the em?ine in this energy is now being 
me engine in ims away from the 

way, making it pos- beam. 

siblc for the engine to do work. It is the 

chemical energy in dynamite which moves 

mountains. 

For a fourth kind of energy let us turn to 
the elevator that lifts passengers to the 102nd 
floor of a tall building. Where does the 
energy for doing this work come from? The 
electric motors which wind the cables that 
lift and low^er the car, can do nothing by 
them.selvcs. They must be supplied with 
electricity. So must the locomotives in an 
electrified railroad and the motors which 
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. drive a heavily laden subway train. Elec- 
tricity, therefore, is also able to do work. 
The fourth kind of energy is called “electrical 
energy.” 

Where Plants Get Their Energy 

The fifth form of energy is one that is 
most important to us as living creatures. It 
is certainly the most difficult one to under- 
stand. 

Has it ever occurred to you that our lives 
dejiend almost entirely upon plants? The 
growth of plants purities the air we Ijreath, 
and from their bodies we get food and shelter 
and clothing. Even the meals wc eat come 
from animals that feed, chiefly, on plants. 
Fish, too, thrive mostly on plants, or on 
smaller fish that feed on plants, 'fhe food 
we eat is, of course, chemical energy that 
gives us our ability to walk, to run, to speak, 
and to do our work. 

Hut where do plants get their energy? 
Place a growing [)lanl in the dark and you 
soon find -•^nt It is light -sunshine -which, 
more than anything else, is responsible for 
I lie growth of a plant. The sun sends us a 
kind of energy which is different from the 
others we have mentioned. It is certainly 
energy, because work can be done by means 
of it ; but it is not mechanical energy. Neither 
is it chemical energy or electrical energy of 
the kind we have been describing. A good 
deal of the energy of the sun comes to us as 
heat energy; but the rest of it is in the form 
of light. 

It can be said, therefore, that plants are 
storehouses of sunshine; and that the energy 
which they furnish to all animals, including 
man, is derived from the light energy of the 
sun. 'Fhe light energy sent to us by the .sun 
many millions of years ago is to-day stored 
in coal and in oil; for we believe that coal is 


the remains of ancient plants buried deep in 
the ground and that oil is the remains of 
certain forms of ancient plants and animals. 
The sun is like a gigantic broadcasting station 
which sends vast amounts of light energy 
into space. We on earth catch only a little 
of this energy; but out of it we build our 
bodies, our homes, and our very lives. 

For a sixth form of energy, let us consider 
again the experiment performed on December 
2, 1042, on the cam|)us of the University of 
Chicago. For the first time in the history 
of man there was built a self-sustaining 
“pile” for the release of “nuclear (nu'kl6-ar) 
energy.” It was the first man-made atomic 
(a-l6m'lk) power plant on earth. A sufficient 
amount of fissionable uranium -that is, of 
uranium in which the atoms could be split 
up- -was brought together to start a chain 
reaction, or one in which the first reaction 
start, another and the reaction will in this 
way keep on indefinitely. VV'ithin the “pile” 
the uranium was being converted to other 
elements, some similar to lho.se found in 
nature and several others never found nat- 
urally. Mo .4 important was the fact that, 
in addition, heal energy was being produced. 

Afiparently, as the uranium changed to 
other elements some of its mass disappeared 
completely. Thus, matter was being de- 
stroyed. It was being changed into heat 
energy. In other words, wc can now* con- 
sider matter itself as a form of energy. Since 
the energy comes as a result of a rearrange- 
ment ot the heart, or nucleus, of uranium 
atoms, scientists call this sixth type of energy, 
“nuctear energy.” 

At the jireseni time we are only at the 
beginning of our study of nuclear energy. 
We do not yet know how to generate it 
effkiently or how to control it for the welfare 
of mankind. 


34X 




PHYSICS 


Reading Unit 
No. 9 


HOW ENEROY CJOES ON FOREVER 


Note: For basic information 
not found on this paf^c, consult 
the general Index, Vol. /j. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


Interesting Facts Explained 
What is the origin of coal? i— 


343-44 

How large were prehistoric ferns? 

344 

Where may light energy he 
stored? 1-346-47 

Harnessing the energj’ of steam, 

Things to 

How is it possible for an electric 
bulb to supply us with energy 
which came originally from the 
sun? 

How do plants make use of the 


I 347 

What may jdants use as a substi- 
tute for the sun? i- 347-48 
Where does energy go after man 
uses it? I- 349-51 
Will the energy of the universe 
ever be used up? i 351-52 

Think AhtMUt 

sun's energy? 

What are all the possible changes 
of energy from one form to an- 
other? 


Picture Hunt 


How may energy be obtained 
from the .sea? i- 345 

Relateil 

How do bacteria help produce 
coal? 2-16, 20 

Ts it possible tt» exhaust our sup- 
ply of coal? 1-352 
What fossil markings are found 
in coal? 3—6, 29 
What are the different varieties 


How can energy be obtained di- 
rectly from the sun? i 348 

AI aterial 

of coal? 9 438, 440, 445 
What are the chief sources of the 
world's supply of petroleum? 
9-449, 452, 455 

What are the chief sources of 
energy for electric current? 

1-113. 503-^^. 515 


Pr€ictic€tl A pplications 

How is the energy of sun, coal, How is energy sent over great 
water, and steam transformed distances to farms and .small 

intij more useful forms of towns? i 345 

energy? 1-339, 344-50 


Eeisure~time Activities 

PROJKC'T Xf). T : Make a col- lection in bottles of safe liejuid 
lectitjn of different kinds of coal. fuels. 

PROJECT XO. 2: Make a col- 

Sutnmary Statement 

Energy can neither be created into heat energy that cannot be 

nor destroyed, but when energy used for the activities of lifer ' 

changes its form, .some of it turns 
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Millions of years ago there grew in certain swamps 
and marshes a dense forest of huge fernlike plants. 
In the course of ages these strange forests were buried. 
This story tells how their decayed matter turned even* 


tually into coal. You may read about the Carbonifer- 
ous Age, the age when these great forests flourished, 
on other pages of these books, where we tell of the 
record of the rocks and the story of geology. 


HOW ENERGY GOES ON FOREVER 

Not a Bit of It Can Ever Be Created, and Not a Bit 
Can Be Destroyed 


E WISH lo Icll a story that iK-^an 
very long ago, l)ul if wc should start 
by saying, “Ome iijion a time 
our readers may think ])aek over a period 
of i>erhaps a hundred years. That would 
not be enough. Even ftvc liundred years 
would not be enough. Our story Ix'gins long 
before W^ashington crossed the Delaware, 
many years before Columbus discovered 
America, and even longer ago than the lime 
of King Arthur and his Round 'lalde. In 
fact, we slumld like our readers to carry 
their minds back lo the days before Christ, 
before the Romans, before the Grt'eks, and 
before the Egyptians. Having succmied 
thus in going back six tliousand years or 
more, our readers may now be able to see 
still further into the dim ixist, until they 


glimpse a time when there were no men upon 
the eartli. Indeed, our story begins, not 
thousands, }>ut millions of years ago. 

One can only giie.ss what the earth was 
like then; but there is reason to believe that 
one could find continents and oceans, soil 
and air, rain and sunshine. Under sucli con- 
dition.s plants would grow. Our story begins 
with a ray of sunlight which fell upon the 
leaf of a gigantic fernlike plant that grew' in 
a hot, swampy, steaming jungle. 

I'hc fern grew’ big and strong. It fed upon 
the water and the air and drew' up from the 
soil other materials which it nee<led; but 
especially did it absorb the warm sunshine 
Without the energy of the sun, it could not 
live. Here and there w'ere several of its 
companions, most unfortunately thrown into 
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the shade, where they grew sickly, faded, 
and withered because they could not get 
enough light. Of water, of soil, and of air 
there was plenty; but not all could find a 
place in the sun. 

Our fortunate fern prospered and in time 
gave birth to many others of its kind. They, 
too, were lucky 
enough to catch the 
energy of the sun m 
their leaves. Soon 
there was an immense 

jungle of huge ferns, J-- 

each stretching its 
branches in such a 
way as to trap the 
sunlight which con- 
tinued to pour down 
day after day and 
year after year. Im- 
agine a fern w^if h stem 
five feet thick and 
branches fifty feet in 
length! Such growth 
could not continue 
long without interfer- 
ence among plants so 
close together. Soon 
some of the many 
ferns w'ere .shut off 
from food and from 
light. They died and rhotu by ImoruaUMnal .NawaJ^hotoa 




decayed; but from 4 powerful steam geysei 
their dead bodies drillers near Rome, in Iti 
Y they struck steam under 
other ferns grew. In perature was about 350 
time the swamp con- steam is being used to dri 

tained layer after 

layer of packed and decaying leaves, stems, 
and roots. Above it all was the jungle of 
living ferns reaching up to the sun. 

How the “Black Rock” Was Fonned 


A powerful steam geyser was recently released by 
drillers near Rome, in Italy. At a depth of 900 feet 
they struck steam under such pressure that its tem- 
perature was about 350 degrees Fahrenheit. The 
steam is being used to drive dynamos which generate 
electrical energy. 


sprang up in the swamps that remained. 
Let us, however, continue to follow the his- 
tory of the fern forest now decaying and 
hardening under tons of sand and silt. 

Thousands of years passed by. Each year 
found the decaying material more compressed 
and more hardened; but in it there still re- 
mained the energy of 
the sunshine w^hich 
the fern leaves had 
^ long ago received from 

I the sun. Nothing of 

, \ any importance hap- 

' pened to our forest 

^ underground until 

man came upon the 
scene. By that time 
the earth’s crust had 
gone through many 
new changes. Due to 
trememlous pre.ssures 
upon the ocean bot- 
toms, many of the 
continents had ])een 
pushed upward near 
the shores. Mountain 
building had l)een fol- 
lowed by a twisting 
and crumpling action 
in many sections of 
the earth. The layer 
of decaying ferns 
iras recently released by which hatl once been 
At a depth of 900 feet ^ jungle was also 

sgrees Fahrenheit. The twisted, so that one 
dy^moswUch generat. s,„all part of it was 

pushed upward and 
exposed to the air. When savage man saw 
the outcropping, he was puzzled by its 
.strange apjiearance. Not finding it especially 
useful, he called it “black rock,” and dis- 
missed the matter from his mind. 


And then this scene of plenty was dis- 
turbed by a great calamity that befell the 
region. Because of changes in the crust of 
the earth, the swamp had been settling slowly 
for some time. Finally the ocean flowed in 
to cover the jungle with sand and silt. The 
weight of the water compressed the decaying 
ferns so that they hardened. Many years 
later, due to new movements in the earth’s 
crust, the water w^as drawn off. New ferns 


One winter a hunter sat shivering on a 
ledge of this “black rock.” He was starving 
from hunger and numb from cold. The wind 
howled and blew the icy snow all about him. 
Far from his village or from anyone who 
could help him, he slowly froze to death. If 
only he had known that right beneath him, 
in that ledge of “black rock,” was warmth in 
plenty! If only someone had whispered to 
this poor hunter the secret that the “black 
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Millions of years ago the sun’s After many changes had come Here we see the coal stoked into 

energy was caught by plants in about, these plants were formed furnaces, where the energy which 

this ancient forest, and stored by into coal beds, from which we re- was once the sun’s is reler.sed in 

them in the form of sugars and move blocks of energy in the form the form of heat when the coal is 

starches. of coal. set on fire. 



Finally the electric current reaches 
a modern home, where the electri- 
cal energy operates electric stoves, 
lamps, and other devices. 


Some of the electric current is car- The same sun is still shining to-day, 
ried to a greenhouse, where it lights and we need not depend upon an- 

lamps that stimulate the growth of dent sunshine in the form of coal 

plants. in order to grow our food. 
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rock” was coal; that it could be set afire and 
be made to release the energy which it con- 
tained. Jt seems strange to us, who have 
learned how to make fire and to feed it with 
coal, that anyone should freeze to death 
while sitting on a mass of coal. Yet that is 
what surely must have happened in the past. 


or whether they are the remains of very an- 
cient plants, as is our useful coal. Let us 
see how this is accomplished in one very 
important instance. 

On the East River, which bathes the shore 
of Manhattan Island, the heart of New York 
City, a daily procession of barges delivers 



The search for new sources of energy has led Professor 
Claude, the inventor of the neon lamp, to the cold 
waters beneath the surface of the sea. At Matanzas 
Bay, Cuba, the surface waters are warm; but lower 
down the water is cold. This difference in tempera- 
ture can be used to operate a steam power plant. 


provided the cold waters can be pumped up. After two 
unsuccessful attempts and an expenditure of a million 
dollars, Claude succeeded in sinking this mile-long 
steel pipe through which the cold water was tc be 
raised. If this scheme can be made to work success- 
fully it will, in time, be immensely valuable. 


Only quite recently has man learned to dig 
in mines for the w'armth of sunshine caught 
and trapped millions of years ago by a forest 
of ferns that has turned into coal. 

Borrowing Light Energy 

Every leaf knows the secret of trapping 
the light energy which the sun sends out. 
Although man has not yet been aide to dis- 
cover this secret, he does not hesitate to take 
from the plant world the stores of energy 
they have laid up. This, man does by eating 
plants of many dcscri{)tions and by u.sing 
them in various other w^ays. It does not 
matter whether the plants are recently grown 


coal by the thousands of tons to a so-called 
power plant. The coal is fed into a long line 
of furnaces where raging fjrcs are kepi burn- 
ing. 'riierc the energy of ancient sunshine is 
changed into heat energy. But the heat 
energy is not permitted to escape. It is at 
once transmitted to metal boilers containing 
water. 'J'he water is changed into steam. 
Thus the energy of the sun which once fell 
upon the leaves of a fern, now heats the 
water, tearing its molecules apart so that 
the licjuid becomes a gas. 

But gaseous water occupies 'about seven- 
teen hundred times as much space as does 
liquid water. The boilers, though large, are 







The sun is so hot that if the earth were thrust into 
it we should iast no longer than a snowflake on a 
red-hot stove. 3 ut the sun is 93,000,000 miles away 
from us, and so its heat is endurable. Actually, the 
earth receives less than one two-hundred-millionth of 

hardly large enough to provide jdace for all 
the steam without requiring that the steam 
be greatly compressed. This pressure is 
tremcnfhms. There is one instance in which 
a boiler was not strong enough to hold so 
much steam. The steel drum exjdodcd, 
sending fragments of steel plate through 
several feet of brick wall and acn^ss a street 
fifty feet wide. Thus the heat energy a^ the 
moment of explosion was changed into en- 
ergy of motion; that is, iiitc» mechanual 
energy. 

What Happens to the Sun’s Energy 

but l)oilers do not often explode. At the 
pro[)er time, and when man so decides, ilie 
steam is ])ermitted to rush out into an engine 
called a steam turl)in<\ The turbine wheel 
receives all the stored-up mechanical energy 
and .spins round at terrific speed. As we 
watch the huge wheel wliirl and hear its 
musical hum, we must bear in mind the fact 
tliat many millions of years ago the energy 
of the turbine was the energy of the sun. 

The spinning turbine is, after all, not the 
thing which man is after. So he coupk's the 
wheel with the rotating part of an electric 
dynamo. Now it is the ilynamo which whirls, 
generating electric energy at every turn. 
This energy 'is ■forced into a vast network of 
wires that stretch under tlie streets and 
buildings of a city that houses millions of 


the energy sent out by the sun. Yet this tiny fraction 
means the difference between life and death to us. 
Every square yard of the earth’s surface receives from 
the sun more than enough energy to raise the tem- 
perature of a pound of water one degree F. 

human beings. On some fine morning, in a 
hou^e perhaps ten miles from the power 
plant, a boy calmly inserts a slice of bread 
in an electric toaster. A minute later a click 
in the toaster gives notice that the bread is 
ready to be eaten. As the boy brings the 
warm brown toast to his mouth, he is j)rob- 
ably (juile unaware of the fact that the en- 
ergy which made his fooil more palatable is 
the same which fell on the leaf of a plant 
millions of \ears ago. 

Not all of the electric energy from the 
dynamo goes to heat electric toasters. Much 
t)f it ilow’b into electric lainjis, where the wire 
filameeis get so hot that they glow. In this 
way 1 ;h‘ ancient light of the sun becomes 
light again. l\nergy, after numerous changes 
in lorm, has resumed its original form. 

An Assistant to the Sun 

On the outskirts of the city there is a 
liuilding where special vegetables are grown 
under just the right conditions. One of these 
conditions is the i)roj)cr amount of a certain 
kind of light. Even the sun cannot be de- 
pended ui^on to jirovide this light when 
needed and in the desired quantity. So a 
special typo of electric lainj) is used as an 
assistant {0 the sun. The vegetables thrive 
under this light as they do under the sun. 
They often grow more quickly and reach a 
larger size. Their color is more attractive. 


Ml 





Photo by Kcyntuno Viow Co. 


Some day — though not for several generations, of sun-power plant above catches the sunshine on curved 
course — our supply of coal and oil will give out. Then mirrors and focuses it upon boilers filled with water, 

we shall probably make direct use of the energy The idea is to generate steam, but the power plant 

which the aun is constantly pouring down on us. The at present is only 3 per cent efficient. 

their shape more symmetrical, and their energy with which one may walk, run, jump, 
flavor is otten riner. A tomato grown in this talk, and eat. So it may be said that the 

way has in it some of the energy sent out person eating the tomato grown in the man- 

by the electric lamp. Since this energy is ner descri])ed is able lo walk with the same 

the same which once fell from the sun upon energy which millions of years ago was ab- 

a fern of long ago, the original energy is once sorbed by a i)lant. Throughout the ag(‘s 
again to be found within a plant. this energy has existed, in one form or an- 

other. After residing in the human body for 
Using Energy a Million Years Old ^ while, it may be converted into some other 

The story of what happens to the energy form of energy and go elsewhere; but we may 

sent out by the sun is, in a sense, a never be sure of one thing: the energy never 

ending one, for it is always possible that yet disappears, 
another change may be wrought in the form 

which energy may have taken at any given Conservation of Energy 

time. In the case of the tomato described If one should ask, “What does hai)pen to 
in the previous paragl‘ai)h, a new series of the energy in the tomato after it is eaten 

energy changes begins just as soon as it is and after it has been used in walking?’^ the 

eaten. When it enters the human stomach, reply would be that it changes into heat 

a chemical action takes place. The chemical energy. As one walks, the bodily movements 

energy in the tomato, a good deal of which heat the body, the pavement, and the air 
was once the electrical energy in the lamp, about both. 

is absorbed by the human body. There it The most important reason’ why scientists 
I^rovides the heat energy which maintains believe that i)cri)etual motion machines are 
the bodily temperature and the mechanical impossible is that from such a machine energy 
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could be continually derived without any 
energy ever being supplied. Thus, a per- 
petual motion machine would not transform 
energy, but create it. It is as im- 
possible to create energy as it is to jlb 
destroy it. This idea, which is ac- 
cepted by all men of science, is known 
as the “Law of the ConscTvation of 
Energy.” 

Tn this and in previous chapters 


1 - 9 , 



When we consider the many things which 
happen in the world about us, it is possible 
to identify many occurrences with one or 
another of the twenty energy changes in our 

Until we learn the secret of list. Some of the 

utilizing directly the energy rhanires are met 
of the sun, the wind, and the are hill 

waves, or devise a way to W'lth more fre- 
use the warm and cold wa- „ 4 i * u » „ 

ters of the ocean in creating QUtntly than 
power, we shall have to get others. Some are 
our heat by the old, old 
method of burning fuel. 

Below we see the three rap- 
idly diminishing stand-bys 
of the world coal, oil, and 
wood -in the process of be- 
ing converted to man’s use. 


very rare indeed. 
It is interesting to 
see if an example 
may be found for 


we have been talking about live dilTercnt 
form® •*:' ::u rgy. J-ct us make a list of them 
and give each a s}'mbol. 


Juj/if/ of Energy 


Symbol 



1. Mechanical . M 

2. Heat .11 

3. Electrical . E 

4. Chemical . C 

5- I-jghl 


each one of the changes listed. Here is a 
partial list of such e.xamples. Perhaps our 
readers may care to complete the list and 
to improve upon it. 


Now let us make a list of all the possible 
changes which may occui, using the symbols 
to save space. 


1. 

From 

M 

to 

II 

11. 

F'rom 

H 

to 

L 


l''r()m 

M 

to 

E 

12. 

From 

!•: 

to 

H 

d- 

From 

M 

to 

C 


From 

c: 

to 

11 

4. 

F'rom 

M 

to 

L 

14- 

F’rom 

L 

to 

II 

5 - 

From 

H 

to 

M 

15 - 

F'rom 

E 

to 

C 

(). 

F'rom 

f: 

to 

iM 

i(). 

F'rom 

E 

to 

L 

7 - 

F'rom 

C 

to 

M 

17 - 

From 

C 

to 

1: 

8. 

From 

L 

to 

M 

iS. 

From 

L 

to 

1: 

Q- 

F'rom 

II 

to 

E 

IQ. 

F'rom 

C 

to 

L 

10. 

F'rom 

H 

to 

C 

20. 

F'rom 

L 

to 

C 


If our readers will examine the above list 
carefully, they will see that the twenty 
changes listed are all the changes possible. 


The Kind of 

hot ll 0 p pens Energy C hange 

1. Rubbing hands together 

so as to warm them. . From M to H 

2. Turning a dynamo so as 

to generate electricity From M to E 

3. Can you find an example? From M to C 

4. Striking a poker against 
a rock so as to cause 

sparks to ll> From M to L 

5. Burning coal so as to 

drive a locomotive. . . . From IT to M 
0. Suj>plying electricity to 
an electric miUor, so as 
to make it turn F'rom E to M 

7. Burning gasoline so as to 

drive an automobile. . . F'rom C to M 

8. Can you find an example? F'rom L to M 
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9. Heating the contact 
point between a strip of 
iron and one of copper, 
so as to start a flow of 

electricity in both From H to E 

10. Is the cooking of food an 

example of this change?. From H to C 



Photo6 liy Interutttioiuil Nowii Pbotoi 


A California inventor and his father believe that they 
have at last devised a scheme for making direct use 
of sunshine. The picture shows one view of their ar- 
rangement of powerful mirrors and lenses which con- 
centrate sunbeams on a spot, there quickly to raise 
the temperature of water to its boiling point. 


n. Heating a metal rod until 


it glows From H to L 

12. Sending electricity 
through an electric heat- 
ing iron From K to II 

13- Burning coal so as to 

heat a stove From C to H 

14. Warming an object by 

placing it in the sun. . . . From L to H 
£5. Charging a storage bat- 
tery by supplying it with 

electrical energy From JO to C 

16. Sending electrical energy 
into a lamp so as to 
light it From E to L 


17. Using the chemical en- 
ergy in a battery to yield 

electrical energy From C to E 

18. Operating the photo- 

electric cell in a televi- 
sion set From L to E 

19. The light which one gets 

from a burning match .. . From C to L 

20. The effect of light falling 
on the sensitive chemi- 
cals of a photographic 

film From L to C 

If we follow a series of energy changes long 
enough, we are likely to end with energy in 
its heat form. That is what happens in the 
case of most of the sunlight which falls upon 
the earth. Even that j)art of it which plants 
absorb and change into chemical energy find? 
its way into the bodies of animals. There 
the chemical energy becomes heat energy for 
botlily warmth and mechanical energy for 
bodily motion; but mechanical energy, too, 
becomes heat energy whenever the body 
moves. Of course, not all plants are eaten 
by animals. Those that are not, die in time 
and the remains slowly decay. The process 
of decay is one in ivhich most of the chemical 
energy changes into heat. 

Two questions come to mind at once. 
First, does heat energy eyer change into 
other forms? And second, will there ever 
come a time when all the energy in the uni- 
verse has turned into heat energy? 

As for the first question, the answer is, 
“Yes, heat energy rloes change into other 
forms.” We have already given .several ex- 
amples of .such energy changes. However, 
the change is more or less difficult to bring 
about. Furthermore, the change is never 
quite complete. Thus, in driving a locomo- 
tive with the heat energy extracted from 
burning coal, we change le.ss than 10 per cent 

the heat energy into movement. The re- 
maining 90 per cent is wasted so far as mov- 
ing the train is concerned; it goes to heat the 
air. 

Will the Universe Run Down? 

Similarly, when the filament in an electric 
lamp is heated so that it glows, most of the 
heat caused by the flow of current remains 
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^ as heat. About lo per cent or less changes 
into light. When our electric lighting bill, 
at the end of a month, asks us to pay $3.00, 
about $2.QO is actually for heating the rooms 
in which the lamps were used. About ten 
cents represents the amount of light received. 
Nevertheless, we pay I he entire $3.00 and 
charge it all up to lighting. 

As for the second question — as to whether 
there will ever come a time when all the 
energy in the universe is heat energy- -there 
is some difference of oj)inion among the lead- 
ing scientists of the world. Until quite re- 
cently, the answer was “Ves, such a time 
will surely come.” Scientists .vho studied 
the matter carefully were and some still are 
ready to say that when all the energy is heat 
energy, the universe will be entirely and com- 
pletely dead. 'Fhey use the expressions, 
“The universe is running down” and ‘‘The 
ultimate heat death” to convey the idea that 
heat energy is becoming less and less avail- 
able for the activities of mankind and for 
life of kind. They point lo the fact, 
which is certainly true, that in every one of 
the twenty possible energy changes, more or 
less heat energy is produced as an unusable 
by-product. One might say that a kind of 
heat tax must be paid whenever energy 
changes from one form into another. One 
can readily see that this tax cannot continue 
forever without all the energy in the universe 
becoming energy in its heat form. 

However, a difference of opinion has arisen 
concerning the linal fate of the uni\ crsc. The 
great American scientist Robert Millikan 
is the leader of an irnj)ortant group of men 
who believe there is some evidence which 
points to the fact that forms of energy more 
available than beat energy are constantly 
being built up in distant space among stars. 
We cannot at this point cxi)lain this evidence; 
we can only say that it has to do with the 
“cosmic rays.” These rays have been care- 
fully studied by Millikan and other scientists. 
It is not yet known what causes th. m or 
what they are. They seem to be like X rays, 
only much more penetrating, and they seem 
to come continually from every direction in 
space. If Sllllikan is correct, the cosmic 
rays are the “birth cries” which reach us 
from space whenever matter and energy are 


changed into forms more available than is 
heat energy. All over the world scientists 
are now hard at work checking Millikan’s 
experiments and performing others of their 
own. Already some of their results throw 
some doubt on Millikan’s beliefs. We shall 
have to wait for the truth. 

The Two Laws of Energy Change 

Now there are two laws of energy change. 
The first of these laws we have already con- 
sidered. It is called the Law of the Conser- 
vation of Energy, and states that energy can 
neither be created nor destroyed. 

Recent discoveries concerning the nature 
of matter have changed our ideas of matter 
and energy somewhat. It has been shown 
that, under certain conditions, matter may 
actually disappear and in its place a certain 
amount of energy ap|)ear. This is what 
tak 's place on a grand scale when energy is 
released from the nucleus of the atom. Scien- 
tists are also reasonably sure that under 
special circumstances matter can be turned 
into energy. To be correct, then, we must 
modify our statement of the Law of Con- 
.servation of Energy. Wc restate it this 
way: The total (piantily of matter and 
energy in the universe always remains the 
same. When we state the law in this way 
wc realize that matter can be changed into 
energy or energy into matter, but that the 
sum total of the two taken together is always 
the ^ 

To date, it is only in a machine known as 
a cyclotron (si'kliS-irftn), in atomic explo- 
sions, and in the interior of the sun that 
matter can be readily turned into energy. 
As yet we have not been able to make large 
amounts of matter of all types disappear and 
as a result release energy. So for everyday 
use, we still hold to the old Law of Con- 
servation of Energy, which states that energy 
can neither be created nor destroyed. 

The second Law says that when energy 
changes ilh form, some of it turns into heat 
energy that is unavailable for the activities 
of life. This second law of energy change, 
as we have seen, predicts a “heat death” 
for the universe. Not all men of science are 
as yet willing to accept this belief. 

Even if the second energy law is eventually 
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shown to be true, there are still some hun- 
dreds of thousands of years before the uni- 
verse “runs down’’ completely and “dies.” 
That is a fairly long time in which to get 
ready for the end of all things. What can 
man do now to conserve the energy that 
is still available? Where is this energy? 

Not many people worry their heads about 
the answer to this question; yet each year 
sees a growing interest in it. One of the im- 
portant reasons for this interest is the fact 
that the world’s supply of coal and oil is 
being used up. It seems likely that in an- 
other thousand years or so our coal mines 
and our |>etrolcuni wells will be exhausted. 
When that time comes what shall we use to 
run our steam engines, our factories, and 
our automobiles? How shall we keep warrfi? 

The first answer that comes to mind is 
that we shall use the sun. The sun will still 
shine a thousand years from now; at least, 
we have no reason to believe that it will not. 
But here we face a great dilikulty; for we do 
not know how to make use of the sun’s energy 
efficiently. We seem to use the sun only 
indirectly. We deiiend upon plant life to 
catch this energy for us. After all, as wc 
have seen, coal is the remains of ancient plant 
life. Oil, too, may be shown to be the result 
of ancient sunshine. In using up this in- 
heritance from the past we are doing very 
little to accumulate a supply of fuel for those 
who arc to come after us. Even our prescfit- 
day forests arc being exhausted. So future 
generations cannot hope for so much as we 
have received from the past. 

Putting Wind, Wave, and Tide to Work 

There are many men of science who realize 
this very grave danger and have been ex- 
perimenting in many ways with methods of 
using the sun’s energy directly and efllcicntly. 
It may be of interest to our readers to learn 
about some of these efforts. 

First, we must mention the attempt to 
g^ather in the sun’s rays with huge lenses and 
mirrors. This would be very helpful indeed 
were it not for the fact that so little of the 
sunlight can be caught in this way and also 
for the fact that cloudy weather so frequently 
interferes. In general, these experiments 
have yielded very little. 


A more successful attempt has been made 
in the use of the energy of the wind, of the 
waves, of the tides, and of falling water. It 
must be understood that the sun is chiefly 
responsible for the moving air which we call 
the wind and for the waterfalls, too, since 
the heat of the sun evaporates the water 
which later falls as rain, and the rain water 
sup])lics the waterfall. The waves, of course, 
arc caused by the wind, and the tides are the 
result of the gravitational attraction of the 
sun and moon. 

In the case of water f)owcr, great progress 
has been made; but there does not seem to 
be enough of this energy to supply all of our 
needs. Wind power, also, fails in the same 
way, though a number of very interesting 
wind engines have been invented. Wave 
motors and tide motors are still in the ex- 
perimental stage, (ireat fortunes await the 
inventors who can lind a way of i)utting to 
efficient use the energy of wind, wave, and 
tide. Most of it is now going to waste. 

Tapping the Heat in the Earth 

If we should fail in all the attempts men- 
tioned above, where else can we turn? It 
has been suggested that the heat of the in- 
terior of the earth might be used when our 
supply of oil and coal gives out. Certainly 
the earth contains vast stores of heat energy 
at high temperatureij; but the task of digging 
down far enough to get at it seems to be 
greater than human beings can accomplish 
with the means they now have. 

One hope remains. If we cannot leave to 
future generations as much available energy 
as we ourselves received from the past, we 
can certainly leave beliind us more knowledge 
than wc received. Knowledge is not energy; 
but it may prove to be the means of leading 
the way toward new sources of energy. 

Already we have begun to unlock the un- 
limited energy within the nucleus of the 
atom. We must realize, however, that most 
materials cannot be made to yield this energy. 
Uranium and thorium (tlio'rl-flm) are the 
principle elements from which we get nuclear 
energy. Some day, howTver, the time may 
come when man can at will release the energy 
from a grain of sand, a piece of wood, or 
a crop of water. 
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Note: For basic information 
not found on this pQgi\ consult 
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For statistical and current facts, 
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Index. 


interesting Pacts Pxplained 


Whal are atoms marie of? i 354 
Why are molecules invisible? 
1 - 354-55 

What is the difference between 
atoms and molecules? i 357 
What is an element? i 357 
What is a compound? i 357 


What is the size of a molecule of 
water? i- 357 

What is meant by surface ten- 
sion? I -359 

Which molecules move the most 
raiiidly? 1-359 


Things to 

Why do objects keep their shape? 
How do molecidar conditirins ex- 
plain the different forms of 
matter? 


Think About 

How do molecules explain tht 
properties of matter? 

How may oil be used to calm the 
sea around a ship? 


Picture Hunt 


What is the source t)f the cnerg\ 
u.serl for freezinj^ cakes of ice? 

I 35^’ 

Related 

How are molecules formed from 
atoms? 1-543-45 
How is the speed of molecules 
measured? i 389-90 
What is founrl in all atoms? i 2 
What did Democritus, the an- 
cient (Ireek philosopher, [pro- 
pose as the basis of all matter? 

I 281, 532, 13-2 


How were molecular movements 
first seen? 1—358 

f\I aterial 

Is the atom a source of energy? 
I 35^ 

How did matter develop from the 
atom? 1—2 

Th)w may atoms be smashed? 

I 5^'^ 541 , 54-2^ .S4<>. 55'^A 
Hi>w are the different hirms of 
euerKy related to molecules and 
atoms? 1 - 349 , 35 1 


Practical A p pH cat ions 

Ilow is it possible to shape and molecules applied in in- 

melal? 1-361 dustry? 1-356 

How is our knowledj^e of atoms 


I^eisure^time A ctiz'ities 


rRDJEC T NO. r ; To prove the 
fact that surface tension exists 
float razor blailes or needle.s on 
the surface of a pan of water, 

Sh tn ntary 

"Scientists can explain many 
things in nature only by assum- 


I -^60. 

VROJKCT NO. 2 : Show Brown- 
ian movements under the micro- 
scope, 1-35 7* 

Statement 

ing the existence of molecules and 
atoms. 
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Strange as it may seem, this captain is in much the same posi- 
tion as the modem scientist in his laboratory. Each has dis- 
covered certain facts, and from these he must find out the truth 
about something he cannot see. While exploring a desert isle, 
the captain and his men stumbled upon footprints in the sand. 
Near by was a Japanese cigar band and a pair of aviator’s 
goggles. How on earth had they got there? By studying the 
footprints and reasoning from his *'finds,” the wise seaman 
concluded that an Amencan aviator weighing 150 pounds had 
set out from Japan and had been forced down on the island! 
And it turned out later that he was right By much the same 
process the scientist reaches certain conclusions concerning the 
tiny atoms and molecules he has never seen but believes must 
exist. 



ARE ATOMS and MOLECULES REAL? 

"Seeing Is Believing,*’ We Say; but We Must Believe Many 
Things That We Can Never Hope to See 


HE (lifTerencc heUveen a solid and a 
liquid,” said the teacher of science to 
his class, “is that the molecules 
(m 61 'e-kul) in a liquid are further apart and 
are freer to move about.' When a liquid 
evaporates to become a gas, the .same mole- 
cules are still further a[)art and move, there- 
fore, with sliil gieater Jnedom.” 

As is too often the case in the classroom, 
the pupils listened and made every effort to 
remember what the teacher said. There was 
little opportunity for (luestions because no 
experiment had been perfornu'd; nor did 
there seem to l)e any likelihood of an ex]>en- 
ment when the teacher chose to conclude the 
period with the above-quoted statement. It 
was clear that the class was expected to ac- 
cept the idea as true. 

liut on the way home from school ttiat 
day, this interesting conversation took place 
between two of the j)upils: 

“Do you really believe that substances 
are composed of molecules?” 


“Certainly. Didn’t you hear Mr. Brown 
say so. [Resides, the textbhok says so, too.” 

“I know; but do you really believe it? Mr. 
Brown himself once told us never to believe 
in things unless they are proved. Pfe said 
we mu.st alwa}’s insist upon evidence, upon 
facts. \i'l what evidence did he <;r tlie !e.\l- 
book give us that there arc such things as 
molecules? It seems to me that they are 
taking a lot for granted.” 

“Xot at all. All modem scientists believe 
in molecules anrl in atoms too. Atoms are 
even smaller than molecules, h'urthermore, 
atoms are themselves composed of smaller 
j)articles, called electrons and j^rotons. If 
th(\se ideas are good enough for men like 
Millikan and Einstein, they are g(X)d enough 
for me.” 

”}Vrha]>s you are right; but I have always 
liked to see things wdth my owm eyes. 'Phe 
other day I looked at a drop of water under 
my father’s microscope. I could see ever so 
many things that were invisible to the naked 
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• eye. When I askc(J my father whether he 
had a lens that could let me see a molecule 
of water, he laughed and said, micro- 
scojxj has ever been built that can let you 
sec anything so small as that.’ T was going 
to ask him a lot of questions; but he was too 
busy. lie told me to talk it ov(t with my 
science teacher. Now I’ve been bothering 
Mr. Brown a lot, lately; and it may be that 
my doubts about molecules are a little silly. 
But I wish someone would tell me why w(‘ 
can never see a molecule and w^hy we believe 
in them if we ciin’t see them.” 

Are Molecules Real? 

“My advice to you is to forget it. There 
is a lest coming next week; and if Mr. Brown 
asks about molecules an<l atoms, f shall cer- 
tainly write as if 1 were sure of their exist- 
ence. You’d better do the same.” 

Which of the two ]Hii)ils was right about 
whether molecules do or <lo not exist? It is 
somewhat diiricult to say. We, loo, belieAC 
that uLuiii", molecules, <‘leclrons, and ])rotoriS 
are real; but not for the reasons given by the 
jntpil who was eager only to pass the teacher’s 
test. The fact of the matter is that .seeing 
is only one method by which we arrive at 
the truth. Most of the time it is a sure 
method; but occasionally even .seeing leads 
us into error ar\d tt) false conclusions Ja-t 
us consider this ])oin( .sennewhat. 

We .see the sun rise in the east and .set 
in the west; but do \^e believe that the sun 
moves around the earth? We believe that 
the earth is round like a ball; but do we not 
see that the earth is llat? Kven though \Ne 
have never visited tlie savage tribes in the 
jungles of Africa, we do not liesitali‘ to be- 
lieve that there are savage tribes and that 
.some of them arc cannibals. No one stojis 
to question such facts as that Columbus dis- 
covered .\merica in r4o^, although no j)erson 
aliv<‘ to-day can say that he saw Columbus 
discover AnuTica. 

How We Check What We Believe 

We believe in Columbus and in the exist- 
ence of cannibals because we rely upon the 
statements of dependable people who put 
dowm in writing what they themselves s;iw. 
Their statements have been checked in thou- 


sands of ways and hjund to be correct. When 
we come to the belief in a hall-like earth that 
moves about the sun, we rely not upon seeing 
alone or ujKm the slatemcnt.s of others, but 
upon reason that is based upon the things 
that we and others have s(?cn. 

l.*et us connect all this matter of belief 
ba.sed upon reason in another way. Suppose 
a theft is committed. A bundle of valuable 
pajXfrs disaf){)ears from the top of a desk. 
I'lie police find that the windows in the room 
are all latched tightly and that tlie single 
door, according to the owner who slept in 
the room, was not only locked but bolted 
on the inside. There is no evidence of tam- 
j)ering with either windows or locks; and no 
Ihigor j)rinls are anywhcTc* to be .seen. The 
investigators note, however, that over the 
door there is a narrow transom, which was 
left oj)i‘n for ventilation. 'I'he space is too 
.simul for any human being to squeeze 
through. Hut a close examination of the 
transom shows a s|)ot where the dust has 
been wiped clean. And under a small splinter 
of the wooden framework, a few short hairs 
are discovered. Experts wlio examine these 
hairs explain that they l)elong to a dog of a 
certain breed. More careful inspection of 
the door and transom .shows scratches that 
might have been made ])y a dog’s claws. In 
the house there li\es a neighbor who owns a 
dog that is noted for his agility and his 
cleverness in bringing olqeels to his master, 
'rile jx lice seek this neighbor only to find 
him gofio No one seems to know where he 
is; and he cannot be foinul. .Ml conclude 
that this man is the thief; and a general 
alarm is sent out. 

The Use We Make of Indirect Evidence 

Is the man really guilty? The police cer- 
tainly j)rocee(l upon the assumption that he 
is When they catch him, they search his 
belongings. They question him and demand 
that he ex])lain all his acts before, during, 
and after the time of the theft. His state- 
ments are checked in every particular. In 
many cases of this kind the investigation 
ends by the man’s confessing his crime. 

Now many of our scientific beliefs arc \’er>- 
much like the iK'lief in the man’s guilt liefore 
the confession took place. We dejicnd upon 
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One may choose not to believe that atoms and mole- 
cules are real; but believing that they are has made it 
possible to understand and control better the workings 
of nature. For example, in the ice-making plant that 


is shown in the picture above, water is frozen by energy 
obtained from burning coal. This apparent impossi- 
bility becomes a simple thing to understand if we 
accept the existence of atoms and molecules. 


indirect evidence. Wc reason about this 
evidence and set up experiments to check 
our conclusions. We seldom depend upon 
mere seeing alone; in these niatteis it is 
frequently impossible to see or feel or hear 
or taste or smell. It is almost always pos- 
sible, however, to arrange things so that 
nature’s forces produce effects that can be 
seen or heard or felt. Before you turn on 
the radio, the waves are certainly i)assing 
through your body; but you are not aware 
of their existence. Later, you turn a knob 
which puts into operation a device that re- 
sponds to the waves by producing sounds 
you can hear. You do not see the radio 
waves; neither do you hear them; but you 
do hear the effects of the waves upon a ma- 
chine called a radio receiving set. 

Why We Believe in Atoms 

Returning now to the conversation be- 
tween the two pupils, concerning the exist- 
ence of atoms and molecules, wc can say that 
neither one was correct in his point of view. 
Atoms and molecules are real^ even though 
we can never see them. We do not need to 
see them in order to believe in them, for we 
see, hear, feel, taste, and smell the effects 
which they produce all about us. How do 
we know that it is atoms and molecules which 
produce these effects? Because these effects 
cannot be explained satisfactorily in any 


otJier way. Refuse to accept the existence 
of atoms and molecules and the world of 
nature — Nature's way of doing things — be- 
comes a confused jumble of meaningless oc- 
currences. You cannot explain simply and 
satisf^'ingly how iron rusts or how lead melts; 
how liquids rise in the stems of ]>lants or how 
certain clouds give up their rain; how light- 
ning strikes or how things decay; how metals 
may be extracted from their ores or how 
automobiles arc moved. 

On the oilier hand, if you accept the belief 
in the real existence of atoms and molecules, 
you can not only give reasonable exjilanations 
for many of the things which liaiipeii in the 
world about you, but you can control Nature 
and make her do your bidding. Thus, we 
have learned to make rustless steel, artificial 
rubber, and artificial silk. We know how to 
make liquids boil more readily and how to 
keep them from boiling. We can freeze 
water by burning coal; and wc can produce 
ra\s that enable us to see through a brick 
wall. 

How Atoms and Molecules Differ 

And yet the real scientist will say to any- 
one who doubts the existence of atoms and 
molecules, “You have a right to your belief; 
and I am ready at any time to discard my 
own if without believing in the existence of 
molecules, you will explain Nature’s ways as 
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.well as I can and take advantage of Nature’s 
forces as I can.” 

Before we attempt to give an answer to 
tills question, it may be well to remind the 


1'he lK‘st way of reading this number is to 
call it sixteen billions of trillions. 

In the chemical compound known as water 
the molecules each contain atoms of the cle- 


rcader of the distinction between atoms and ments hydrogen (hi'flro-jCn) and oxygen. If 

molecules. In the first place, there are only the water is in the gaseous state, as in steam, 

about ninety- two different kinds of atoms in each molecule is composed of two hydrogen 

the entire universe; whereas tlie number of atoms and one oxygon atom. In the liquid 

different molecules are countless. The atoms state, each water molecule may contain as 

combine in various ways to form molecules, many as eight hydrogen atoms and four 


The atoms may be lik- 
ened to the letters in the 
alphabet which number 
twenty-six. Thousands 
upon thousands of dif- 
ferent words may lie 
formed by combining 
two or more of the 
twenty-six letters in 
various ways. The words 
are like the molecules. 
Secondly, the molecules 



oxygen atoms — or even 
ten hydrogen atoms and 
five oxygen atoms. How 
large is a molecule of 
liquid water? To appre- 
ciate; the smallness of its 
size, consifler this com- 
parison: Imagine that a 
water molecule and a 
baseball each begin to 
grow larger and larger 
at the same rate. Wlicn 


are usually larger than it u amazing to leam that scientists have not ihe moleculc has ])ecome 


i M 1 Only estimated the size and mass of particles that 

i nc ai< n. ^ ine> \ ar) 

widely in si/c and in calculated the arrangement of these particles. 


weight. T'hirdly, a sub- 
stance composed entirely 
of similar atoms is called 


Above, you see a constructed model showing how 
the atoms in a crystal of salt are arranged. The 
large balls represent sodium atoms; the smaller 
ones are chlorine atoms. 


as large as the baseball, 
the baseball has become 
as large as the earth. 

We have to thank two 
men for showing us how 


an “element”; while a substance; composed we can almost see molecules. The first 

entirely of similar molecules is called a chemi- was Robert Brown. ^lore than a century 

cal “comjiound,” ago he apjdied a powerful microscope to 

a liejuid in which were suspended a great 
Why Salt Is Called Sodium Chloride of oil. 'fhe oil drops were 

In the substance or cliemical (ompound .so fine that even through the microscope 

known as common salt, each molecule con- one couM barely see them. ^cl each droj) 


tains two atoms: one atom of the element contained Jifly million molecules of oil. But 


sodium (so'di-um), and another atom of the 
element chlorine (kloTin). That is why 
table salt i.s referred to as “sodium chloride” 
(klo'rJd). Now imagine a small cube of 
crystal salt, about one-half inch high, wide, 
and thick. How many molecules does it 
contain? The miml)er is .so great that the 
reader must apiiroach it gradually. In any 
one of the sL\ surfaces of tliis sail cube there 


the hilcrcsting thing was that each drop, 
instead of lloating quietly about, seemed 
agitated. Tl bobbed this way and that, as 
if someone or something were bumping into 
it with great force. Dr. Brown explained the 
sudden, jerky movements of the oil drops by 
saying that rapiilly moving water molecules 
were banging into them, now from this side, 
now from lh.it. His explanation has been 


are about 625 trillion molecules. If ‘ch 
molecule were a brick with a toj) area of 
twenty-four square inches, the 625 trillion 
bricks would more than i)avc the whole con- 
tinent of North America. As for the number 
of molecules of salt within the cube, it would 
be about 16,000, oC‘0,ooo,ooo, 000, 000, 000. 


accepted as true. 

ZsignioTidy was the second of the two men 
who showed a way of studying the effect of 
molecular (mo-lek'u-lar) movement upon 
other small particles. His experiment was 
sui^erior to that of Dr. Brown in that he 
invented a more powerful microscope. He 
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Zsigmondy directed a strong beam of light at a sus- 
pension of very fine particles of gold. Ordinarily, 
these specks of gold are too tiny to be seen even 
with a microscope; but when they are made to reflect 

suspended very Ihie gold du.sL in a jar of 
water. The particles of gold were f.ir too 
small to be seen by the ordinary microscope; 
for they each contained but a few dozen 
molecules of gold. In order t<^ see such small 
particles, he directed a pnverful beam of 
light at the suspension. Just as invisible 
dust particles in the air become visible when 
a sunbeam strikes them, so these tin\- gold 
particles became visible through a microscope 
when the strong beam struck them. Each 
particle rejected some of the light to the 
observer’s e}'e. When a rapidly moving 
water molecule collided with a gold particle, 
the gold particle shot forward as a result of 
the collision. To illustrate tJic etTect upon 
Zsigmondy’s gold dust when it was hit by a 
w’ater molecule we may compare it with what 
happens to a golf ball driven off a tec. 
Zsigmondy reports that the gold particle 
jerked fow'ard so fast when struck by a 
W’ater molecule that it covered a distance 
more than i,ooo limes its diameter in onc- 
sLxth of a second. When the waiter molecule 
hit the oil drop, it was more as if .the golf 
club had struck, not the golf ball, ])ut a 
hetivy stone. 

The Illusion of Stillness of Bodies 

It is clear from the experiments of Brown, 
Zsigmondy, and others that molecules move. 
In fact, they arc never at rest. The apparent 


a strong beam of light, the small specks become visible 
under a powerful microscope. In this way Zsigmondy 
came as near as possible to seeing a molecule. Each 
particle was composed of a few dozen molecules. 

(luiet of objects that seem ne\er to move is 
an illusion. Within the motionless table or 
the fi.xed girder that supports a building, the 
molecules are vibrating iiercely l)a(k and 
fortli. In liejuids this motion is even greater; 
and in gases the molecules dart here and 
there witli speeds that are seldom reacherl 
in the world of larger bodies. 

Can We Stop the Dance of the Molecules? 

One of the important ideas in science- we 
shall have (HTasion to say more about it in 
a later chapter —is that the heat energy 
which a l>ody j)os.sesses is actually the me- 
chanical energy of its molecules. I'hus, the 
faster the moltrules move, the hotter is the 
body. Presumably one may cool an object 
to a temperature so low that its molecules 
stop moving. Nothing could be colder than 
that ; an<l .so this lowest f)ossibl<‘ temperature 
is called “absolute zero.” Man has never 
been able to make things quite so cold as 
that. Certainly no place on earth, even at 
the Poles, is so cold as absolute zero, which 
is about 491® Fahrenheit colder than the 
temperature of freezing water. In recent 
years imj^roved methods of refrigeration 
have been devised by which objects arc 
cooled to w’ithin a fraction of a degree of 
absolute zero. At such a temperature the 
dance of the molecules has almost, but not 
quite, ceased. 



It IS amazing to Jearn that scientists have 
not only estimated the size and mass of par- 
ticles that cannot he seen by the human eye, 
but they have also measured tlie speed of 
these particles. The method employed is 
not difficult to understand. In the case of 
gases, as we have seen, the molecules travel 
very rapidly. In a 
room the molecules 



An understanding of 
the behavior of mole- 
cules helps us to ex- 
plain this very interest- 
ing process of making 
duplicate copies of a 

bill of fare in a res- Like molecules at- 
taurant. The device tract each other, 
above is known as a Scientists refer to 


a pressure of fifteen pounds to the .square 
inch on the surface of the containing vessel, 
the molecules must move with an average 
speed of over a mile a second. The swiftest 
rillc bullet does not travel at so high a speed. 
In heavier ga.ses than hydrogen, the speed 
is not so great, because the molecules are 
heavier. In the case of air molecules, the 
speed is about seventeen miles a minute, 
which is four times faster than the fastest 
airplane yet built. 

Why Objects Keep Their Shape 

The very fact that objects exist apart from 
other objects, indicates that some molecules 
keep together, resisting any effort to tear 
them apart. It is easier to cut wootl than 
stone bccau.se the molecules in 
stone attract each other with 
greater force than do the 
irolecules in wood. If it 
were not for this attraction 


hectograph. 


this force of attrac- 
tion as ‘‘cohesion.’* 



of air are incessantly In the instance shown 
' above, it is the force 
smashing into the of cohesion which 

walls, the coiling, ,, , i 

Ute tlocr, the fur.u- WJ.- Ta'c'h 

lure, and against the surface of any other, the force is 
human body in the room. 11iis jiouiid- iS^^a^narrowI^hoirow 

iiig bv trillions of molecules cau.scs a tube immersed in . 

” ’ • I II I water, the liquid Here the liquid is mercury. The mole- 

Sleady pressure against the Avails and climbs to a higher culesofmercuryrepel,ratherthanat- 

/iKii.ri in llir* rr^nm 'Tlin I'mfpr level wherever it tract, the molecules of glass. That is, 

every nUjctl in ttic r Him. llu. tat.ler capillarity depresses the surf.ee of the 

the molecules move, the greater is their This effect is k'^own mercury wherever the mercury touches 

combined impact and the greater, as “capillantj . the glass. 

therefore, is the ])ressure. lly measuring this among molecules, a book lying on the table 

pressure, Avbich may be easily done in several might .soi>n disa})pear, its molecules mingling 

ways, we can estimate the molecular s})eeds AAath those of the table and the air. 
of the molecules of a ])articular gas. It is to When a molecule of A\aler attracts a mole- 
bc remembered that the sjjeed thus measured cule of water, we refer to the force of attrac- 

is the average speed of all the molecules lion as one of “cohesion’’ (ko-he'/hun); thai 

taken together, rather than the s]Aeed of any i"^, like molecules of any kind cohere (ko'her')- 

one molecule. When a postage stamp is lixed to an envelope, 

th; force of attraction between the molecules 
The Great Speed of Hydrogen Molecules molecules of paper is called 

A thimbleful of hydrogen gas, kept c' the “adhesion’’ (ad-he'/hun) ; that is, unlike 
temj)cralurc of freezing water and at a jires- molecules sometimes adhere (iid-her'). 
sure of Tiftecn pounds to the square inch. Inserting an object in water usually w'ets 
weighs about three ten-millionths of an the object because the adhesion of water 

ounce. We Unfiw' also how many molecules molecules for the molecules of the object is 

it contains. In order that that niiiny mole- greater than is the force of cohesion among 

cules. each weighing what it docs, shall cause the water molecules themselves. Some 


combined impact and the greater, 
therefore, is the jiressure. lly measuring this 
pressure, Avhich may be easih’ done in several 
ways, we can estimate the molecular s})eeds 
of the molecules of a ])articular gas. It is to 
be remembered that the sjjeed thus measured 
is the average speed of all the molecules 
taken together, rather than the s]Aeed of any 
one moleeule. 

The Great Speed of Hydrogen Molecules 

A thimbleful of hydrogen gas, kept i ' the 
temj)cralurc of freezing water and at a jires- 
sure of fifteen pounds to the square inch, 
weighs abinit three ten-millionths of an 
ounce. We Untiw' also how many molecules 
it contains. In order that that niiiny mole- 
cules, each weighing what it docs, shall cause 



ARE ATOMS AND MOLECULES REAL? 


isfEiga 


liquids, like mercury, have so great t'l cohe- 
sion among their molecules that they do not 
wet certain objects placed in them. So one 
may insert a finger into a dish of mercury 
and bring the finger out dry. 

An interesting effect is observed if an open 
glass tube is inserted in a dish of water. 
The glass molecules attract 
the w'ater molecules, so that 
the cohesion among the 
water molecules is overcome 
to some extent. The water 
climbs up on the glass both 
inside and outside of the 
tube. The narrower the 
tube, the higher is the climb 
within. In such a case, the 
force of adhesion seems to be 
greater than the force of 
gravity. Much of the rise 
of liquids in the stem of a 
plant and the trunk and 
branches of a tree may be 
explained by this force of 
adhesion. The force is often 
referred to as capillarity 
(kap'I-larT-lI). 

When a similar glass tube 
is inserted in a dish of mer- 
cury the effect is different. 

The level of the mercury is 
depressed both inside the 
tube and at the point of con- 
tact outside. Here, the 
molecules of glass seem to repel those of the 
mercury. Really the cohesive force in the 
mercury is greater than the adhesive force 
between glass and mercury. Again the nar- 
rower the tube, the greater the depression. 

Why a Needle Will Float on Water 

The forces of cohesion and adhesion explain 
many things that happen in the world about 
us. Paint, for example, sticks to tlie ^urface 
to which it is applied because of atlhesion. 
Sand, applied like paint, falls off immediately 
because the force of cohesion in this case is 
greater than that of adhesion. One cannot 
lift a lump of water out of a dish because 
the force of gravity is greater than the co- 
hesion among the water molecules and as a 
result the water spills out from the hand. In 


the case of jelly or of mud, one can lift a 
good deal of it in lumj)S because the force 
of cohesion is greater than that of gravity. 

Now let us consider the molecules in a 
dish of water. At all points beneath the 
surface each molecule is being attracted by 
others in all directions. A molecule at the 
surface, however, is being 
attracted by those beneath 
and by those to the left anrl 
right. There are none to 
pull it upward from above. 
This results in a tension at 
the surface which tends to 
resist any force that tries to 
break through. A needle, 
or even a razor blade, may 
be lloated on the surface (,f 
water, in s])ite of the fact 
that stei'l ordinarily sinks 
fliiickly. \V<* urge the reader 
to try the experiment of 
lloating a ntrdle on water. 
Lay it on very gently, so as 
not to i)reak through the 
surface tension. 

Surface tension also ex- 
plains why soap bubbles may 
be blown. The soap and 
glycerin which are a<lded to 
tlie water*- increase the co- 
hesion among the molecules 
When a 

raindrop falls freely through 
the air, its shaj)e is almost that of a sphere 
because the surface tension pulling inward 
in all directions tenfls to force the drop of 
Avater to huddle t(^gether into the sn)allcst 
possible vtjiume - which is a sphere, leak- 
ing advantage of surface tension, the manu- 
facturer lets molten load fall through the 
air for some distance, with' the result that 
the lujuid lead forms into small balls. These 
have hardenccl by the time th{‘y hit bottom, 
and so liave become lead shot. Oil spread 
on waves tends to calm them; for the oil 
film spreads easily over the w'ater and in- 
creases the surface tension. The same action 
is often observed when oil is added to w^ater 
to keep the water from boiling too violentl}’. 

Liquids have the power of mixing with 
each other when they arc perfectly still, 





This boy is pleased because he succeeded 
in making a steel needle float on water. 

Perhaps he understands about the cohe- 
sion between molecules at the surface of 
a liquid. It produces a ^'surface tension’* 
strong enoug^h to support the needle, tjf the .solution, 
provided that the surface is not pricked. 
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ARE ATOMS AND MOLECULES REAL? 


.with nothing to stir them or create currents 
in them. This gradual mixing of the mole- 
cules of two unlike substances — such as 
air and water or alcohol and water — is known 
as “diffusion.” Liquids will mix even when 
there is a porous membrane, such as a piece 
of bladder or parchment, between them. 
They will even mix through a piece of po- 
rous pottery. The process by which they pass 
through the substance that separates them is 
known as “osmosis” (6s-mo'sTs). 

An Interesting Experiment 

When two unlike liquids, such as water 
and glycerin or ])ure water and salt W'atcr, 
are separated by a porous substance, each 
liquid will pass through the separating wall, 
but one is likely to go through at a greater 
speed than the other. Water, for instance, 
will pass into glycerin faster than glycerin 
into water. So if the two liquids are put side 
by side in a jar with a membrane between 
them, the level of the water will sink and 
the le' c; ..f the glycerin will rise. 

You may yourself perform an interesting 
experiment in osmosis. 1 m 11 a glass jar with 
w'ater and in it sus])end a ])iece of j)archment 
which you have drawn up into the shape of 
a sack. Fill your little sack with gra])e 
juice and lie it securely, making sure that 
none of the grape juice can es(:ai)e over the 
edges of the i)archment. You may watch 
it gradually seej) through the parchment into 
the water. 

Secrets Shown by X Rays 

It is only in recent years that scientists 
have been able to examine the manner in 
which molecules arrange themselves within 
a substance. As one may well imagine, 
molecular arrangement cannot be studied 
with the naked eye, or even with a micro- 
scope. The structure of matter was a great 
mystery until the X ray was discovered. 
With it one may penetrate deep into a steel 
casting and take pictures of what is hapi'en- 
ing within the metal. The knowledge which 
these pictures bring to those who can inter- 
pret their meaning has thrown light on the 
behavior of matter — which otherwise is quite 
mysterious. 


Why, for example, do some materials ab- 
sorb water like blotting pai)er w'hilc others 
keep it out? W'hy may some substances be 
easily compressed or expanded while others 
cannot be squeezed into .smaller volume ex- 
cept by exerting tremendous force? Why is 
diamond hard and coal soft, even though the 
two substances are both composed of mole- 
cules of carbon? Why is a steel wire tougher 
— or more tenacious (te-na'.shus) — than one 
of lead? Why does a rubber band stretch.'^ 
Why may a lumj) of gold be beaten into a 
sheet so thin that it is transparent to light 
while other metals break up when one tries 
to beat them thin? Why is copper softer 
than iron? And why arc some metals suit- 
able for wires while others soon break when 
one tries to draw them out into threads? 

What Are the “Properties of Matter?” 

Ip all of these questions we have been 
]>ointing to different “properties of matter.” 
Poro.sity (p6-ros'i-ti), compressibility, expan- 
sibility, hardness, tenacity (te-nfis'i-tl), elas- 
ticity (e'lils-tis'Mi), malleability (mill'e-a- 
biri-tl), and ductility (drik-tH'T-tl) are i)rop- 
erties of matter— each one illustrated in its 
proj)cr order above — which we observe and 
make u.se of in daily life and in industry 
(ireater understanding of how and why mat- 
ter [)osscsses these i)roperties has m.ade pos- 
sible many of the rom forts and conveniences 
of civilized life. 'J'his increased and better 
undcrsi jnding has come thnnigh the study 
of how’ ! iolecules arrange them.selves. 

We oj)cncd this chapter with a statement 
made by a teacher of .science to his class. 
Read this statement again. It may have 
more meaning to you now. The teacher has 
e.xplained the difference between the .solid 
state, the liquid slate, and the gaseous state 
in terms of molecular (mo-lfk'u-lar) arrange- 
ment and movement. Jn a later chapter we 
shall return to these important states of 
matter and study how a change from one 
slate to another may take place. 

Pcrhai)S our readers are now in a better 
l)Osilion to understand W’hy scientists must 
believe that atoms and molecules really exist, 
although the.se amazing particles will forever 
be invisible to human eyes. 
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HOW WE PUT EIQUIOS TO WORK 

N ot e : For basic in formation For statistical and current facts , 

not found on this pagc^ consult consult the Richards Year Book 
the general IndeXy Vol. 15. Index. 

Interesting Pacts Explained 
How may water be made to carry i 364 

an electric current? i 363 Whore does water exert a ]>res- 

What is water made of? 1-363 sure of five tons j^er square 

What are the properties of hy- inch? 1-305-66 

drogen? 1-363 What rausos water How? i 

What are the properties of oxy- 369 

gen? I 363 How may water be put to work? 

Is there water in solid granite? t 369-70 

Things to Think About 

How does water pressure increase How may a fast-Howing river l)i* 
with depth? controlled? 

Why cannot divers descend more How may water be decomposed 
than several hundred feel be- — or taken apart? 

low the surface of the ocean? 

Picture Hunt 

How much water is there on the How' may ten pounds lie made !o 
earth? 1-363 mov’e ninety pounds? i 36cS 

R el cited IVIaterial 

How are products packer! by cities with water? 10-546, 

means of liquid pressure? J3- 548-49 

256 How does man build tunnels 

How is gold mined with the aid unrier water? 10 205-7 

of water pressure? 9 39^ How much water is there in the 

What was the water supply of human body? 2-420 

primitive peoples? 10-548 How does impure water affect 

How did the Romans supply their health? 10 551 

Practical Applications 

How may a farmhouse be sup- How may the energy of Howing 
plied with running water? i water be harnessed? 1 369-70 

369 How may liquids be used to 

How are heavy weights lifted by measure pressure? i -367 

means of water? 1-368 

Eeisure^titne A ctivities 

r*ROJKC’''r XO. I : IVcomjMi.se aid of dry -cell b.Ttteri€\s, 1-364. 
— or take apart— water with the 

S u m mary Statement 

Because water has weight, it that contains it. 'Phis pressure 

exerts a pressure on the ve.ssel can make water do work. 
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HOW WE PUT LIQUIDS TO WORK 


If all the water on the 
earth could be gath- 
ered together, it 
would make a ball 
about 850 miles in 
diameter. You can 
see from the picture 
that our 850-mile ball 
of water seems rather 
small in comparison 
with the ball that is 
the earth, for the 
earth is nearly 8,000 
miles in diameter. 
But it is this seem- 
ingly small amount of 
water which makes 
life possible on earth. 
It was in the ocean 
that life first devel- 
oped. 



The water spreads 
out so as to cover 
three-quarters of the 
earth’s surface, form- 
ing oceans that are 
more than five miles 
deep in certain 
places. Because of 
water, great areas of 
land have sunk and 
others have risen, 
plains have be,en 
heaved up into moun- 
tains and rugged 
mountains have been 
worn away until they 
are gently sloping 
hills. Water grinds 
rock into sand and 
lays sand down in 
layers, later to be- 
come rock. 


HOW WE PUT LIQUIDS TO WORK 

Water, the Most Interesting Liquid on Earth, Is Necessary for 
Life and for Many of the Activities of Mankind 


OW! .Vre the wires all connected?’' 
“^'es, everything is ready.” 

‘‘Are the test tubes in ])lace?’‘ 

“Certainly; they are filled with water and 
the open ends are submerged, just over the 
platinum terminals.” 

“All right, snap on the switch and watch 
for the hydrogen and oxygen.’^ 

A sharf) click sounded in response to the 
last command, but notliing happened. 'I'he 
tubes, the water, the wires, and the terminals 
remained exactly as before. 

“Something is wrong! Did we forget 
anything?” 

“If w'c did, T can’t see what it is. 

“]iy tlie way, did you put a bit of aiid 
in the veater?” 

“No. Why do we need to do that?” 

“Because water does not conduct electric- 
ity unless it has salt or acid dissolved ii^ t.’ 

“Very well. Here is the salt!” 

The switch clicked again and the two ex- 
perimentiTS vypre rewarded in obtaining an 
immediate reaction. Two streams of bubhiles 
began to flow' upward from the terminals. 
The gas collected at the upper, closed ends 


of the test tubes. As the gas increased in 
volume, more and more of the water origi- 
nally in the tubes was pushed dowm into the 
dish. In one tube, however, about twice as 
much gas gathered as in the other. 

“There,” said one of the cxpeiimenters, 
“this larger volume must be hydrogen. The 
other lube must contain oxygen.” 

“Yes,” was the reply, “we have at last 
succeeded in breaking up the molecules 
(morj-kul) of water. Instead of molecules, 
we now have the atoms of which the mole- 
cules are composed. Judging from the fact 
that we have about twice as much of one 
gas as of the other, I should say that the 
textbooks are right when they refer to water 
as lIsO.” 

“How can we make certain that the larger 
amount of gas is hydrogen — that is, H 2 - 
and the smaller amount oxygen — that is, 0?” 

“That should not be difficult. When the 
two tubes are full, we can remove them and 
make the test. Hydrogen, you know, is very 
intlammable, it burns with a blue flame and 
e.' plodes violently if mixed with air. Oxygen, 
on the other hand, does not itself burn; but 
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it supports the burning of other things that 
are immersed in it.” 

In a little while the above tests were 
applied. A lighted match brought to the 
mouth of the tube suspected of containing 
hydrogen, resulted in an explosive pop. 
Evidently the hydrogen had mixed with the 
air. A glowing match 
slick inserted in what f 

was presumably the § - 

oxygen, burst into | / 

flame and burned vio- 1 -4b \ j 

lently. The two ex- p K 9 w 

perimenters put away ^ K'S ^ 

their apparatus with V: 

the somewhat satisfied JljflUlHLBki 

feeling of having 


earth's crust. Even rocks contain water. 
It is believed that nearly two gallons might 
be extracted from a cubic yard of certain 
kinds of granite. Were it not for water 
every pebble, every grain of sand which 
now lies loose on the ground, would continue 
to lie there through untold ages, unchanged 
unmoved. Eveiy 
twenty-four hours the 

human body throw's 

^ out from skin and lungs 

W»hN mOROGEN i i ^ 

- nearly two pounds of 

I ' I ll water. The food we 

wa I (?r and 

fourths water. With- 


iViif li’ninM wa of breaking molecules of water into , wnfr-r wo 

pro\ea tnat liquid wa- atoms of hydrogen and oiygen. The volume of hydro- vvaitr Wt could not 

ter is composed of two g«n formed is always twice as great as the volume bend a muscle or feel 

gases, hydrogen and oxygen. through a nerve. I^lven 


oxygen. It seemed strange, but it w^as true! 

Our readers may wish to try for them- 
selves the experiment of breaking up water 
with the help of an electric current. One 
should learn as much as possible about the 
liquid upon which our lives depend. 

How Old Is Water? 

Water is one of the oldest things on earth. 
Ever since the earth cooled dow n sufliciently 
to let the rain fall — which, it is believed, may 


* through a nerve. I^lven 

the bones of our bodies are built up by means 
of w'ater. 

Water means change and change means 
life. \’et w'ater itself has clianged very little 
through the ages. The very molecules which 
w'et our bodies as w'c dive into the surf may 
have washed the skin of a giant dinosaur a 
million years ago. True, certain particular 
molecules may in the centuries ])ast have 
wandered from place to place and from one 
substance to another. In imagination wc 


have taken place about a hundred million can think of a water molecule drawm ii]) by 
years ago — the oceans have bathed the con- the sun from the ocean into the air, where 
tinents. If all the water that exists to-day it forms part of a cloud. Later it falls as 
could be gathered together, it would make rain, seeps into the soil, becomes part of a 
a ball about 850 miles in diameter. In the growing plant, is eaten by an animal, and is 
oceans life first developed. Because of water, thrown off again into the air. Continuing 
whole continents have sunk and others have its wanderings, the molecule finds itself 


risen, plains have been heaved up into 
mountains and rugged mountains have been 
worn away until they arc gently sloping 
hills. Water grinds rock into sand and 
packs sand into rock. 

The oceans spread over three-quarters of 
the earth's surface to an average depth of 
about tw’o or three miles. In certain places 
the depth is more than five miles. They 
keep the air supplied with moisture and 
make possible the growth of plants. They 
are responsible for most of the weather con- 
ditions. Water finds its way into the soil 
and into nearly every substance of the 


frozen in an iceberg floating in the sea. 
Again it melts and evaporates, only to fall 
as rain again upon the ground. This time 
it may be part of a city's water supply used 
to wash away sew'age. Leaving filth and 
bacteria behind it travels to the air, where it 
is sucked in by the carburetor of a passing 
airplane. Sometime later the same mole- 
cule finds itself frozen in an ice cube of a 
modern refrigerator, and later still it is one 
of many molecules that make a radiator hot 
or that move the piston of a steam engine. 
And once the molecule was part of a man’s 
brain. On it goes, in its ceaseless round, 


364 



HOW WE PUT LIQUIDS TO WORK 


always remaining the same. 
As a molecule of water, it is 
composed of two atoms of 
hydrogen and one of oxy- 
gen — it is H2O, just as it 
was a million years ago. 

We do not know with 
certainty whether other 
planets and stars have been 
blessed with water; but we 
do know that life such as 
ours could not exist with- 
out this precious substance. 
We have only to study the 
moon to see what would 
happen to us should water 
disappear from the surface 
of the earth. Death would 
reign ever>^here. Silence 
and stillness would lake the 
place of all life, movement , 
and change. 

If you have ever had to 
fetch '* |A.l] of water, you 
will recall that liquid water 
is by no means a light sub- 
stance. The force of giav- 
ity upon it is considerable. 
One cubic foot of it weighs 
about sixty-two pounds. A 
cubic inch of water vreighs 
a little more than half an 
ounce. If one were to ]>ile 
twelve such cubes one on 
top of Jinother, the com- 
bined weight would be eight 
ounces, or half a pound. 
Now think of a square inch 
of area at the bottom v)f the 
ocean where the water is 
five miles deep. On this 
area one might pile a col- 
umn of one-inch water 
cubes reaching up to the 
surface. Furthermore, the 
distance of five miles w'ould 
piermit the piling of 316,800 
of the cubes. Their com- 
bined weight,. resting on an 
area of one square inch, 
would be 176,000 ounces, 
which is 11,000 pounds, or 



Imagine scales placed at the bottom of an 
ocean five miles deep. In five miles there 
are 316,800 inches; so 316,800 inch-cubes 
of \vater may be placed on the scales. 
Since each cubic inch of water weighs 
more than half an ounce, the entire column 
will weigh about 11,000 pounds. Thus, 
the pressure at the bottom of the ocean 
five miles deep is about 11,000 pounds on 
every square inch of surface. 




nearly 5 tons. Thus, the 
weight of water in the ocean 
at a depth of five miles ex- 
erts a pressure of at least 
live tons on every square 
inch of the ocean bottom. 

Some years ago a United 
Slates naval expedition set 
out to survey certain parts 
of the ocean bottom. In 
the course of measurement, 
officers lowered into the 
water several hollow glass 
globes. The walls of these 
globes were thick, and not 
even a microscope could 
detect an opening or a pore 
in them. Yet when the 
balls were raised from the 
depths, water was discov- 
ered inside. How did the 
water get in? The only 
possible explanation is that 
the tremendous pressure 
live miles below the sur- 
face forced molecules of 
water through the invisible 
liny spaces between the 
glass molecules. Another 
interesting experience of 
this expedition was in con- 
nection with fish lirought 
up from great depths. No 
.sooner did the creatures 
come to the surface than 
they exploded. Living their 
lives where they had to en- 
dure terrific pressure from 
outside, these marine ani- 
mals have adapted them- 
selves to the conditions in 
which they live. Their 
bodies grow in such a w'ay as 
to withstand terrific squeez- 
ing; their internal bodily 
fluids press outw^ard with 
a force equal to the inward 
pressure. But when they 
are brought suddenly to 
the surface, the outside 
pressure vanishes; and then 
their bodies e.xplode. 




When a dam is built across a river, the water piles up 
behind it to a great height. The deeper the water, 
the greater is the pressure at the bottom of the river. 
That is why the bottom of a dam must be thicker 

In speaking of pressures exerted by Iluids, 
the man of science uses the expression, “so 
manv pounds per square inch.” Thus, he 
distinguishes between the pressure upon any 
area and the “total pre.ssure” u]>on That 
area. For example, a square inch of surface 
at a depth of live miles supports a “j)ressurc” 
of more than five tons. So does a square 
foot or a square mile, for that matter. How- 
ever, the “total pressure” on these areas is 
different in each case. It is five tons on one 
square inch, but 144 times 5 tons on a .square 
foot, since a square foot contains 144 square 
inches. When one dives into water to a 
depth of ten feet, the added pressure of the 
w’ater on the body is about five pounds jier 
square inch. That docs not seem like very 
much; but the “total pressure” is excccd- 
ingly great. Assuming that your body has 
a surface area of 2,000 square inches, the 
5 pounds fx?r square inch mean a total 
pressure of 5 times 2,000, or 10,000 pounds. 

From all that has been said above, it is 
clear that the further dowm under water one 


than the top. This difference in thickness is shown 
in our picture of the Aswan Dam, in Egypt, in course 
of construction. That great dam across the Nile is 
one of the most famous in the world. 

goes, the greiili*r Is tlie pressure. We are 
often cautioned against diving too deep, be- 
cause the water pressure may injure the 
eardrums. When a dam is built, the bottom 
of the retaining wall is the thickest part of 
it, since the greatest pressure is exerted at 
the greatest depth. As it nears the loji, the 
retaining wall may become thinner. At the 
very toj) the wall may be very thin indeed, 
no matter how large the expanse of water 
retained. 

Why We Cannot Go Deep under Water 

There is a limit to which man may de- 
scend into water. When tunnels are bored 
under water or foumlations for bridge 
towers arc built, the workmen are incased 
in large domes or caissons (ka'sbn) — which 
are nothing but water-tight boxes— from 
which the water is pushed out with aii 
[>ressure. The extent of (his pressure de- 
pends upon the depth of w'ater overhead. 
A river 100 feet deep adds a pressure of 
about 50 pounds per square inch to the air 
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jvhich the workmen must breathe. A (lej)th 
of 200 feel adds about loo pounds per 
square inch. 'I'liis is true for submarines 
and for deep-sea divers who descend in 
diving suits -small caissons - to help raise 
a sunken ship or salvage a lost treasure. 
Now the greatest depth to which man has 


descended in the 
manner we have 
just described is 
420 feet. This 
adds about 200 
pounds per square 
inch to the air one 
must breathe at 
such a depth. 'To 
go deeper makes 
the strain on the 
body unbearable 
and often results 
in death. 

Hut another 
method has re- 
cently de- 

vised by the nat- 
uralist William 



The fact that ]>ressure increases with 
depth provides a sim[)Je means of measuring 
the pressure exerted by fluids. An inter- 
esting exi)eriment will make this clear. Get 
two long glass tubes and connect them with 
a six-inch piece of rubber tubing. Arrange 
the tubes firmly before you in the shape of 
the letter “U.’’ 
Now pour some 
mercury into the 
tubes, so that the 
level of the me- 
tallic liquid stands 
about twelve 
inches high in each 
arm. Note that 
mercury, like wa- 
ter, seeks its own 
level. Through 
another rubber 
/ t ube reaching from 
your mouth to the 
open end of one of 
the glass tubes, 
blow as hard as 
you can. The mer- 


Heebe. Ife has 
built a metal Ijall 
large enough to 
hold him and 
strong enough to 
resist llie pressure 1 
that depth he has 
he enters llie liall 


cury level droj)s 

Of the three openings in the water tank, the lowest one lets out on onC side and 
the water with greatest f'-»rce, because there the pressure is othor 

greatest. If at each opening you had to support a column of umei. 

inch-cubes of water on your back, the weight at the lowest Measuring the 
opening would bend you double. jjjgjance 

III a depth of 1,426 feet. To between the level of the mercury in one arm 
actually descended. After and that in the other, you can calculate the 
with his instruments, the pressuiv with which you blow. Just as we 


trapdoor is screwed down tightly and the showed bow a twelve-inch column of whaler 
strange laboratory is lowered over tlie side exerts a pressure of one-half a pound per 

of the ship by means of chains. J t is weighted .squar- inch, so it may be shown that a one- 

dowii, to make it sink, and air pumj).s supj)ly inch column of mercury which is about 

it with fresh air and remove the foul air. thirteen times as heavy as water— exerts a 


'Fhe scientist inside keeps in touch with 
those on board by telephone, and he directs 
a searchlight through the strong gla.ss win- 
dow so that he may watch the wonderful 
forms of life swimming about. Beebe has 
already descended to a depth of half a mile 
ill the waters off Bermuda. It is to be hi* - ‘cd 
that he will never go so far down that the 
water will begin to ooze through the pores 
of his metal .jjphcre. In steel, as in glass, 
there are spaces between molecules, and 
through these spaces water molecules may 
enter if the pressure is great enough. 


pressure of about onc-half a jiound per square 
inch. If, therefore, your blowing causes a 
total difference between levels of ten inches, 
the force of your blow is ten times one-half, 
or live pounds per square inch. 

Pascal’s Experiments with Pressure 

Instead of blowing into one side, attach 
that side to the water faucet and turn on the 
water. IIow^ high up docs the mercury go 
n the other side? If the difference between 
levels is 22 inches, what pressure does the 
faucet exert? It will be worth the reader’s 
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HOW WE PUT LIQUIDS TO WORK 


while to remember that a onc-foot column 
of water and a one-inch column of mercury 
each exert a pressure of about one-half pound 
per square inch. 

In the middle of the seventeenth century 
there lived a French scientist by the name 
of Pascal (pas'kaF). He was a great student 

of various kinds. ! ^ @ 

fn the course of p ; 

one of his ex- 

periments he 

made the ob- 

servation that 

fluids behave 

differently from p > 9 

forces are ap- 
plied to them. 

forward against 
a table, one ex- 


force of one jet would be the same as any 
other. That is what Pascal meant when he 
said that a pressure externally applied to an 
inclosed fluid is transmitted equally in all 
directions. 

Have you ever wondered how fluffy cotton 
fibers are packed so tightly in bales? — or 

e ^^^^^^^^^**^****^***^^*^^^ can press so 

hard as to give 

to a sheet of 
felt, of copper, 
or of iron? 
These opera- 
tions and many 
others like ihem 
are accom 
plished by a so 

^ press,” which is 
a device based 


pects to see the This shows how a hydraulic press works. Since the ten pounds of upon I'ascal's 
table move for- Pressure is appUed to an area of one square inch, this force will be T’^rinriiilo Tho 
laoic move lor transmitted to every square inch of the larger piston. And since the 
ward, not back- larger piston contains nine square inches, the force is multiplied by picture will 
ward or to the niii«. resulting in a lift of 90 pounds. 


left or to the right. But when one pu.shes 
on a liquid, the pressure is transmitted in all 
directions with cqu.al force. The reader may ( 
satisfy himself that this is so by performing 
the following experiment: Get an ordinary 
rubber ball and jmneh a number o'! small 
holes in it. Have one hole at the to[), an- 
other at the bottom, a third in front, a 
fourth at the back, a fifth at the left side, 
and a sixth at the right. Punch several 
small additional holes at various jdaces. 
Now squeeze the ball so as to push out the 
air, and immerse it in a jar of water. As the 
ball regains its shape, water will fill it. Re- 
move the water-laden ball and set it on the ] 
table. Then push the ball shari)ly with 
your finger. What happens? 'fhe water 
spurts out in all directions, w'hf*rever there 
is a hole. You probably will <luck to keep 
from getting wet. The interesting fact about 
the experiment is this: while you c.xert 
a push on the water in only one direction, 
the push is transmitted in many directions. 

If the ball were a sieve, a jet would spurt 
from every opening. Furthermore, the 


understand how this press works. 

The machine contains two cylinders which 
connect with each other much as do the two 
arms of a U-tubc. Oite cylinder is narrow 
and the other wide. The narrow one con- 
tains a j^iston which may be moved up and 
down with a i)umj) handle. As a matter of 
fact, it is a pump, which draws liquid from 
a cistern and forces it into the large cylinder. 
There, a large piston is forced upward by 
the incoming liquid. It is moved upward 
slowly but with tremendous force. A mass 
of cotton placed upon it will, in time, be 
squeezed pov/erfully against the overhead 
platform. 

How the Hydraulic Press Works 

'fhe downwarfl push of the small piston 
is transmitted by the liquid as an upward 
push of the large piston. Let us assume 
that the small piston has a cross-sectional 
area of one square inch, and that the push 
down on it is equal to ten pounds. An 
equal pressure upward will then reach the 
large piston. However, we must not forget 





Water from the elevated tank flows down to supply 
all the floors of the house with water. Which of the 

that the pistons are of tlifTcrent sizes. Jf the 
area of the large piston is loo scpiare inches, 
’he Leii-pcunJ pressure is multiplied loo 
times. The ratio of the pressures is the 
same as the ratio of the areas. Thus, a 
hydraulic [)ress of the dimensions given 
above will change a downward pressure of 
ten pounds into an upward pressure of i.ooo 
l)ounds. 

How Water Seeks Its Own Level 

It is a common sight to see water llowing 
downhill. In a sense, it does so becauM* t>f 
its own jjrcssure. Actually, it is the ft)rce 
of gravity which acts on water as it d<H‘s on 
all bodies. When unsujiportcd, tlic water 
falls. If the drop is not steep, the water 
Hows rather than falls. Should the support- 
ing surface begin to slope upward, the energy 
of downw'ard motion may carry the water 
up the incline. Except f(»r friction the 
water may rise to the same level from which 
it started. That is the meaning of the ex- 
pression, “Water seeks its own level.” 

We take advantage of this fact in sui ^ ly- 
ing water to the inhabitants of large towns 
and cities. In New York City, for example, 
about a billioi) gallons of water arc used 
each day of the year. The water is gathered 
from lakes and streams and stored in large 
reservoirs, which are, in sonic cases, located 


two faucets shown in the picture will deliver water 
with r^reater force? The lower one, of course. 

more than a hundred miles away. The 
reservoirs are high in the hilly regions of 
New York State, liccausc of this elevation, 
the pressure causes the water to ilow through 
huge j)assage\va>s, or aqueducts. These 
stretch for miles over hills, through moun- 
tains of rock, and under the wide Hudson 
Ki\'er. Finally they reach the city, where 
the\’ bur}' themselves five hundred feet be- 
neath tlie ])avement. Shafts reach down to 
tap the water supply. Pushed by the weight 
behind it, the water Hows up in these shafts 
to a ight which is almost that of the 
reservi/is in the mountains one hundred 
miles aw ay. 

Oi course, many of the buildings in New 
\'ork City are so tall that the water does 
not rise to their tops. In such cases the 
water must be lifted by means of pumps. 
1'he action of pumps will be explained in a 
later chapter. 

How the Energy of Flowing Water Is Used 

Like many of nature’s great forces, the 
energy of Howing water may at one time be 
a powerful aid to man and at another time 
a terrible scource of destruction. Whether 
it is the one or the other usually depends 
upon how' well he understands the law's of 
nature and upon how'^ w'ell he can adapt 
himself to them. In the case of the force 
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due to flowing water, man has been but 
partially successful in his understanding 
and in his adaptation. Now and again vve 
read of a river in flood which destroys lives, 
wrecks homes, and brings misery and suf- 
fering to many families. The Mississippi is 
an outstanding example in our own country. 
Millions are being spent to counteract and 
to divert the energy of moving water when 
this great river overflows its banks. We 
are hopeful of final success. 

Controlling the Great Colorado 

Then there is the raging Colorado River. 
Here the problem is not so much the con- 
trolling of floods as of utilizing the great 
waste of water and of energy which might 
be put to good use in a region that is as dry 
as dust, and needs power so badly. Al- 
ready, however, the problem has been solved. 
Hoover Dam is now finished. 'Fhe turbulent 
water at the bottom of the (ireat Canyon has 
l)een i^enned up and allowed to move only 
when man wants it to move and to flow only 
where man wishes it to flow. The water thus 
stored up and under control now irrigates 
deserts instead of uselessly wearing away 
rocks. The water pressure piled up in the res- 
erv'oir moves wheels and turbines to })rovide 
energy for farming and for industry. 1 loover 
Dam is a symbol of modern eflkicncy. 

Another great project in which both the 
United States and Canada arc interested is 
the control of the moving waters of the St. 
Lawrence River. In this case the aim is 
neither flood i)revention nor irrigation, but 
the building of a continuous water channel 
from the Atlantic Ocean to the Great Lakes. 
Nevertheless engineers find that before this 
channel can be built, the force of flowing 
water must be controlled. By permitting 
this force to do the u.seful work of driving 
water turbines, the necessary control is 
gained and, in addition, a great deal of the 
cost of the undertaking may be paid. 

The power plant at Muscle Shoals, which 
makes use of the moving water of the 


Tennessee River, is still another effort in 
the direction of controlling the flow of water. 
Our country built the plant during World 
War 1 in order to make nitrates for ferti- 
lizer and ammunition. Now we are using the 
energy to make fertilizer only. The farmers 
use it to grow their crops. 

For hundreds of yeaf.*^, perhaps thousands, 
people have made use of flowing streams to 
grind their wheat into flour and to saw 
wood. Tn the rural districts one occasionally 
comes across a water wheel that is still per- 
forming u.seful work. Such wheels are of 
three kinds: the overshot, the undershot, 
and the breast wheel - ilepending upon where 
on the w'heel the force of the water is ap- 
plied. The more modern types of water 
wheels are the Pel ton and the turbine. 

Tn the case of the Pelt on wheel, great 
pressure is usually emifloyed. The water, 
therefore, must be collected at a great height. 
Tt shoots out of a nozzle and strikes a series 
of carefully designed blades on a wheel. A 
great deal of thought and exi)erimentation 
has been given to the shai>e of the nozzle 
and its size, as w'ell as to the exact curves of 
the blades w’hich the jet of w'ater strikes. 

How the Water Turbine Works 

The water turbine, which is as efllcient as 
the Peltcm wheel, is often used when the 
clev;ition of the water is not extremely great 
but when the amount of water available is 
large. There are two important parts to a 
water turbine: the fi.\ed blades, w’hich direct 
the force of the water, and the movable 
blades, which spin round to deliver the 
power. In operation, the water is j)er- 
mitted to llow^ down through a broad channel, 
or “penstock,” and against the fixed blades. 
The blades direct the force at the proj)er 
angle, so that (*ach blade of the movable 
W'heel gets as ])ow'erful a push as possible. 
The movable wheel turns on a .shaft W'hich is 
also the .shaft of a dynamo armature. In 
this w'ay the energy of moving w'ater is 
efficiently transformed into electrical energy. 
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THE WONDERFUE OAS IN WHICH WE LIVE 

Note: For basic information For statistical and current facts, 

7 tot found on this paf*c, consult consult the Richards Year Book 
the general Index, Vol. /j. Index. 

Interesting Facts Explained 

The stratosphere, i 372 373-74, 37^ 

Why is air invisible? 1-373 What are the properties of nitro- 

Does the sun lose heat to the air? K^n? 1-3 75 

1-373 What arc the properties of car- 

W’hen may the earth become like bon dioxide? 1-375 

the moon? 1-373 What is the importance of dust 

Js air a mixture of Rases? i and pollen in the air? 1-3 7 7 

Things to Think About 

How are the harmful rays of the How does the air help carry hay 
^un kept from reachiiiR us? fever? 

Why is carbon dioxide nece.ssary Ifow does dust in the air affect 
to life? our health? 

Picture Hunt 

What arc the sources of dust in When do burninR objects give out 
the atmosphere? i-37(^ light? i-373 

Related Material 

How is indoor air kept pure? i- How does sound travel through 
393, 409, 10 519 !ht- air? 1-445-46 

How does the air suppl}' plants How are kites used to study the 
with food? 241.43^45 atuK.sphcre? 14-500 

\^’'hv is air necessary for combus- How is the atmosfihere related to 
tion? I 4,384-85 the w^eather? i 259-61 

How does the air affect light? How may air pressure affect the 
1-424-26, 427, 431 ears? 2-304 

Practical A pplications 

How is helium used in transiZKir- lamps? i - 37 f >-77 

tation? I -375-77 How is carbon dioxide used in re- 

How arc some of the rare gases frigeration? 1-3 7 5 

of the air used in electric 

Sum mary Statement 

The ocean of air in which we vapor, dust, and traces of certain 
live . is composed of nitrogen, rare gases, 
oxygen, carbon dioxide, w’ater 
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The WONDERFUL GAS 


Living on a Vast Planet 
where upon It, Man Is 
the Air on 


1 11 / 1 ^ LIVE our lives on the hard crust 
IWI ^ eight thousand miles 

LiJ thick; it is immersed in an ocean oi 
air. Like the creatures which inliabit the 
ocean of water, we are forever confined tc 
our surroundings, depending upon them for 
existence. But unlike marine animals, we 
do not swim about in our ocean; for ours is 
composed of gases, not lic^uid. The force 
of gravity keeps us at the boitom. Exerting 
all our bodily strength we can jump up a 
distance of perhaps five or six fed. Apply- 
ing our minds and taking advantage of 
machines, outside energy, and artificial 
wings, W'C can soar to a height of five or six 
miles. Yet, it is so ditficult to overcome 
gravity that we are indeed proud of being 
able thus to travel six miles farther away 
from the earth^s center. We are jirouder 
still of the achievement of the scientists 
w'ho recently extended this distance to as 
much as ten miles, into what is called the 
stratosphere (stra'to-sfer). But ivhat is ten 
miles when our nearest neighbor in space — 
the moon — ^is 240,000 miles away? Wliether 
we shall always be kejit prisoners at the 
bottom of an ocean of air depends upon our 
ability to understand the nature of this 
ocean. We must rely upon fearless pioneers 
who in one way or another explore its dejiths 
and its heights, at the risk of their comfort 
and their lives. 

The air has always been a baffling mys- 
tery to mankind. Before the de- 
velopment of science had taught the 
world that there was a natural cause 
for every effeef, many superstitions 
arose concerning the atmosphere. 
Primitive man associated it with in- 
visible beings, gods and devils who 
haunted the empty spaces of the sky. 



Snd atmosphere 
probably 1000 miles 


I 


in WHICH WE LIVE 

and Free to Roam Every- 
Nevertheless a Prisoner in 
Its Surface 


When these terrible powers were angry, 
they sent down death and destruction. 
The swift rush of the wind seemed like the 
arrival of spirits, and the awesome moan of 
a gale sweeping through trees brought to 
mind the lost souls in distress. The fact 
that rain, snow, hail, lightning, and :nunder 
came from the sky led men to believe that 
it was necessaiy^ to appease the wrath of 
the gods of the air. 

l\)-day wc‘ have learned to discard these 
ideas, largely because of our ever-growing 
knowledge of the atmosphere. Yet the 
mystery is, in many respects, as great as 
ever, since much of the ujjjxt regions of the 
air are unexplored. Only a small beginning 
has been made. Sounding balloons carrying 
only self-recording instruments have gone 
up thirty miles. There is air farther u{) 
than that, however. How high up does the 
atmosj)here go? Opinions dilT(T. Some say 

We live .t the bottom of ^50 mill's'- oU'WS 200 
an ocean— an ocean of or 2^0 ll'iles. Sir 

air. We try hard to leave t ' r ei 

this ocean bottom, in or- Jeans, the great 

der to explore the depths English scientist, has 

calculated that traces 
of the atmoshjHTc? ex- 
tend to heights of 2,- 
ooo miles. What lies 
between these uj)i)er 
strata and the earth? 
Docs the strato.sphere 
end at 30 miles or so, 
to be succeeded by layers that arc 
warm? Will airplanes be able to 
move through the stratosphere, at 
sjxjeds of a thousand miles an hour? 
Do our earthly .storms originate at 
these high 

^ Highest passpngrr htiUoon 13.7 miles i ^ V e 1 S ? 

What is it, 


above, but the pull of 
gravity is too much for 
ns. Captains A. W. 
Stevens and O. A. An- 
derson have gone higher 
than anyone else, but 
their best was only 13.7 
miles. The air surely 
reaches up more than 
200 miles. Some say 
that air can be detected 
as high as 1,000 miles. 
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•high in the &ir, which rcilccts the radio waves, 
making it possible to send messages to every 
part of the globe? What is the nature of the 
layer of air which seems to filter out those 
of the sun’s rays which, if they could come 
through, would kill every plant and every 
animal on earth? Is there something high 
up in the air which causes the earth to be 
a magnet and to exj^erience great magnetic 
storms? And do the cosmic rays come / 
to us from distant space or from some- j 
where in the top layers of our atmos- / 
phere? These are but a few of the . 
unanswered questions ’ 

which make air study so y 

Someone has said that 
life depends upon five / 

things: air, water, food, ' 
heal, and light. Certainly, 
air deserves first place 
in the list. Wc can do>^^j||H^ '' 
without food and watc rSkyi^^^ 
for da>s, ’ve can with- 
stand for a time the 
fiercest cold and 
darkest gloom; but 
without air the 
spark of life may 

be snuffed quite When things are sul 


to glow. If that be so, what is the final fate 
of our atmosphere? Air remains a gas be- 
cause the surface of the earth and its in- 
terior arc warm. Without this warmth the 
gases in the air would condense to liquids 
and fall as air-rain upon the earth. If cooled 
enough the liquid air would freeze to .solid 

^ air. The entire atmosiihere, 

' which now reaches up hun- 
dreds of miles, w’ould 
' ■' form a rocklike layer of 

\ frozen air thirty-five feet 
;deep. This fiercely cold 
^ ' mantle would envelop 

) ' the entire globe in a grip 

y , death. Of course, be- 

^ jg eould happen the 
liquid air would have 

been absorbed by the soil 
^md the appearance of 

) earth might be very 

1^ much like that of the 

H to-day, or like 

many other heavenly 

^ bodies that seem devoid 

At any rate, the hu- 
man race has many 
* millions of years 

ently hot, they glow, ahead of it, before 


\%o <niifTefl oiiite When things are suflSciently hot, they glow, ahead of it, before 

oc snuiieu quiio burning almost , . . :i i arrives 

out in only two minutes, always develops enough heat to cause a terrihle lulure arrives. 

Ai'r Jq invisible to US glow, or “incandescence,” but in the case In the writings of ancient 
Air IS invislDJC lo us, gf ^ 'g o^en is needed to support the .. ® , 

chicllv because wt are im- combustion. Inside an electric lamp there t^nina we tind me notion 

In this resncct is no oxygen, and there can therefore be there are two 

mcr.scfl in IL. in mis rtspti i burning; yet the filament grows so hot 

w'e resemble fish who do not that it gives out light. The light which things: one which makes 

see the water. One of the Xu„V%rwhiS giSw and another 

retiuiremenls for distin- same way as does the filament in an elec- which does not . This rather 
guishing objects is that triclamp. 


there lie a well marked boundary line be- 
tween the objects and their surroundings. 
At times, however, the air assumes many 
colors. The deep blues, and the reds and 
purples of sunset and sunrise, are all due to 
the dust particles of various sizes that are 
ever fircsent in the atmosphere. But we 
have already told you all about the air else- 
where in these books. 

How Fast, Is the Sun Losing Heat? 

Many scientists believe that the sun is 
losing its heat at such a rate that fifteen 
trillion years from now it will have ceased 


sound idea seems to have 
been forgotten in the centuries that fol- 
lowed; for, as recently as the i8th century, 
air was believed lo be an indivisible ele- 
ment. Not until 1771 Avas it discovered 
that air was a mixture of gases. The first 
of these lo be identified w^as oxygen. Scheele, 
the Swedi^h scientist, w^as among the early 
experimenters who studied oxygen; and 
Lavoisier (la'vwa'/yiV), a Frenchman, 
proved that about one-fifth of every cubic 
loot of air was oxygen. Lavoisier also 
proved that oxygen makes things burn. 
We have learned since that most objects 
are slowly burning because of element 
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in the air. In a sense, life itself is a process minute bacteria which seems to live in an 
of slow burning; for the oxygen we take into oxygenless world. Why, then, is not the 
our lungs reaches the blood stream which is suj^ply of oxygen exhausted? Becau.se 
pumped by the heart to every cell of the plants produce and give off more of this gas 
body. There it enables particles of digested than they use. I'he vegetable kingdom puts 
food to burn slowdy, so that we may have oxygen into circulation again, 
heat and so that our muscles may have Accurate measurement by scientists shows 
energy with which to move. while 21 per cent of the 

Because of constant 7^ per cent 

burning, slow^ and rapid, comjioscd of another 

oxygen com- gas called niirogen 

bined in many of the / (nl'tro-jrn). Thus we 

earth’s sub / \ account for 99 

Only a / of our 

few billion ^ atmosphere. Ni- 

of the gas are free / 1 trogen 

the It I \ teres ting gas. 

would make an j ! We breathe 

dif- 1 I and we breathe it 

the \ ' 

or 

four-fifths of this life ' to be to 

supporting gas. the oxygen and so 

Wood and coal w^ou Id burn ^ make less violent the 

so furiously that it would be ' . burning process that goes 

dangerous to light them. ^ on all about us. 

,,,, ^ ”, . , ^ There are several dmerent gases in the , . , , . . 

Ihc heat generated might shell of atmospliere which surrounds our I he Chemist speaks of ni- 

melt and even bum the trogen as an unfriendly elr- 

stoves themselves. A build- vrithout which we could not live. One per incnt because it is so d ill! cull 

inrr on firo wniilH }u« ]itf> T cent of the tothl consists of carbon dioxide, . ni ilc#. if rnmbinr wifli 
ing on lire wouia DC like a water vapor, and other gases. Of course comoiin willi 

racinff volcano, from which all the gases shown in layers in the dia- other elements. On occa- 


the steel would How in 


gram are really mixed together in the air. 


sion, however, nitrogen ilocs 


molten streams. A person lighting a cigarette 
would find his face enveloped in ilanies. 

Nevertheless w'e u.se tanks of pure oxygen 
in many ways. Hospitjils find it useful in 
keeping alive patients that arc gasping for 
breath; under water, in caissons and in 
submarines, pure oxygen is used to rej)lenisli 
the air supply; mountain climbers and 
aviators dej^end ui)on it when they reach 
very high altitudes; and often we make use 
of pure oxygen to produce a flame hot 
enough to cut steel under water. 

So oxygen is used constantly by man, by 
animals, by plants, and by fires of every 
description. The processes of decay and 
of rusting also require oxygen. So far as 
man can learn, there is only one form of 


make combinations, producing such inter- 
esting substances as dynamite, jicrfunies, 
dyes, fertilizers, and medicines of various 
kinds. The i)()W'er ])lant at Muscle Shoals, to 
which we have referred, was built for the 
special j)uri)ose of forcing nitrogen and oxy- 
gen to combine by means of electric energy. 
A bolt of lightning often causes the nitrogen 
and oxygen to unite chemically. The rain 
carries the combination to the soil, where 
f)lants may feed upon it. Later, when 
plants, or the animals that eat plants, decay, 
the nitrogen returns once more to the air. 

But what does the remaining one per 
cent of the air contain? In answering this 
question we shall first describe two extremely 
essential gases, and then give a list of several 
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•i)thers that are interesting but not very 
important parts of the air. But essential 
or not, let us l^ear in mind that all of these 
gases together make uj) only one per cent 
of the atmosphere which surrounds the 
earth. 

Two Gases Essential to Life 

'Fhc first of the two essential gases re- 
ferred to is carbon dioxide (dT-bk'sId). Or- 
dinarily, three one-hundredths of one per 
cent of the air is airbon dioxide— not very 
niucli, j)CThaj 3 S, but so vital that without it 
life such as ours would cease. Let us see 
why this is so. 

A molecule of this gas contains one atom 
of carbon and two of oxygen; so the chemist 
refers to it as COa. When wood and coal 
burn, one of the chief jiroducts of the 


Rain has this effect when it falls through 
the air. Certain kinds of rock, too, help 
to absorb it. Much of this absorbed and 
dissolved carbon dioxide reaches the ocean 
by way of rivers and streams. Millions 
of sea animals feed upt)n it, changing what 
was once carbon dioxide into shells and 
coral islands. The greatest amount of at- 
mospheric CO2 is absorbed by the leaves 
of plants. I-<iaves must have this gas in 
order to manufacture food for the growing 
plant. Incidentally, the plant releases 
oxygen to the air in the process of feeding 
upon carbon dioxide. 

And so the balance is restored; that is, 
neither oxygen nor the carbon dioxide in 
the air change very greatly in amount. But 
this has not alw'ays been so. There is some 
evidence that manv millions of years ago, 


hurtling is carbon tlioxitie, which 

passes into the air. Similarly, when helium gas is put is the 
food is slowly burned in the Ixidies fhat'sail'so majestical^ 
of plants and animals, this gas is above the tops of the 

, a- 4 1 taUest structures. 

discha^igtvi U has been estimated 

that every p<n-.son exhales about two ]x>unds i 

of carbon dioxide in the course of a day. VHm 

Plants and a n i m a I s 

also deliver their share 

to the at- mosphere. A 

And great quantities of CO2 are thrown out 

by volcanoes in many i)art.s of the earth; 

even the .soil gives up some of this gas. VjV 

Considering the great amount of soil, the 
frertuency of volcanic eruption, and the 
millions of years during which plants and JMb 
animals have lived and (ires have burned, ttllll 

it is remarkable that there is not more iUH 

carbon dioxide in the air than three / 
one-hundre<lths of one ])er cent. One / 
wonders why the gas (loes jiot suffo- f B|j| 

cate us all, since it requires but V 

five t>er cent of it in the air to '' 
snuff out our lives. 

Evident ly the ||jl^Q| 

gas is somehow j U'M tilM 

removed from the f 
atmosphcic. 


the proportion of carbon dioxide 
was much greater. In such an at- 
mosphere j)lants flourished tre- 
mendou.sly. The vast marshy 
jungles of giant ferns, from which, 
it is l:)elicved, came our present 
dej>osils of coal, indicate clearly 
how well })lants thrive when there 
is plenty of carbon dioxide in the 
air. 

In addition to this important 
use in plants, carbon dioxide gas 
is useful in other w^ays. We dis- 
solve it in water under pressure 
and obtain soda water; we freeze 
it to form “dry ice'’; we produce 
it with chemicals in fire extin- 
guishers; and we gen- 
^ crate it in dough by 
\ means of chemicals or 

yeast, so 

L that the 

|M| . . ^ bles will 
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make bread and cake spongelike and conse- results in the chemical combination of hy- 
quently more digestible and more palatable, drogen and oxygen. 

In answer to the question, “What does 
the air contain?” we have now described 
JI^H four different gases: oxygen, present to the 

extent of 21 per cent; nitrogen, 78 per cent; 
wM carbon dioxide, .03 i)er cent; and water 

1-' a vapor, present in widely varying quantities. 

^ here are five additional 

earth. 1 hey exist alone 

The air is never free of dust, even 
on the clearest days and at high 
altitudes. Of course, the number 
of particles differs with the locality. 

Above, you see what large quan- 
tities of soot and other impurities 
a single factory can send forth. In 
some factory towns the dust has 

become an actual menace to health. ! 

The second of the essential gases Active volcanoes send a 
that constitute the remaining one jLe eraptioLTsoS: 

f)er cent of the air is water vapor. volcanic 

,p, . - . *.1 Vi oust spread to all parts of 

The amount of it vanes with the the earth, causing red sun- 

locality, with the season, and with exolosion^***^ tobacco smoke may 




the temperature. When air con- throw as many as a billion dust 

. , 111 particles into the air. Of course 

tains all the W'ater vapor it can hold at any we should not assume that dust is 

given temperature, it is said to be saturate.! fs‘3rthllfgT 

and one hundred per cent humid. • and to control. 

If it contains none at all, the 
humidity is said to be zero 
I)er cent. No place on 
earth ever has zero hu- 
midity; but ninety per 
cent and even one hun- 
dred per cent humidities ' 
arc frequent in many 
parts of the earth. The 
part that this vajxir play.s 
in the w'orld has been de- 
scribed on other pages where 

we tell about the weather. jikc 10 leani ineir names, mine 

The chief sources of atmos- order of amount present in the 

phene moisture are plants and yea/*£S*air^i8®®ioSded^i^^^^^ air, they are: argon, neon (ne'on), 
animals which discharge it from poUen from the flowers of helium (he'li-tm), krypton (erfp'- 
their bodies; the lakes and oceans, cSmnS dev^lop^ ton), and xenon (/.e'non). The 

which give off a great deal of seeds. lightest of these gases is helium 

water vapor under the rays of the sun ; and the heaviest is xenon, 

and the process of burning, which usually It is of interest to note that three of these 



throw as many as a billion dust 
particles into the air. Of course 
we should not assume that dust is 
always dangerous to health; but it 
is something to consider carefully 
and to control. 

and always have done so, 
in so far as scientists can 
observe. As in the case 
of nitrogen, we inhale 
Ihcse gases with every 
breath and exhale them 
again. Our bodies can 
make no use of them, 
because they are so “ex- 
clusive,” scientists often 
refer to them as the “noble” 
gases. Perhaps the reader would 
like to learn their names. In the 
order of amount present in the 
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- gases have become very useful. Helium, 
because it is light and because it does not 
bum, is used to inflate the bags of balloons 
and dirigibles. It is not quite so light as 
hydrogen but much safer to use. Neon and 
argon are employed in the relatively new 
kind of electric lamp so popular for store 
displays and advertising signs. A small 
amount of neon introduced into the long 
and variously shaped glass tubes of an 
advertising fixture gives a penetrating 
orange-red color when electricity is dis- 
charged through the tube. Argon, used 
similarly, results in a greenish-blue light. 

In order to complete our list of air con- 
stituents, we might mention the fact that 
many scientists have discovered traces in 
the air of the gases hydrogen, ozone, and 
ammonia. 

The Evils and Uses of Dust 

A beam of sunshine passing through a 
window into the air of a room brings to view 
a rny^I,* ^ ‘f dancing particles. Air is never 
quite clear. At the toi)s of mountains, as on 
the desert, dust is always present. Each 
[)ufF of tobacco smoke sends millions of tiny 
specks of matter into the atmosphere. The 
wind lifts particles from i)lanLs, from animals, 
and from rocks, and scatters them far and 
wide. A volcano in eruption belches forth 
huge volumes of fine dust and ash that 
circles the globe by way of the air. Chimneys 
add their share to this solid part of the 
atmosphere, as do the plants when their 
pollen is carried out upon the breeze. Even 
the meteors, in burning, finally settle as 
dust in the air. Unfortunately, .some of the 
air-blown solid matter provides a shelter 
and a feeding ground for bacteria; many of 
which arc harmful to health. The number 
of these germs, however, is believed not to 
be alarming, as a rule. 

In large cities the dust evil is, of cour.se, 
about at its worst. Lungs, furniture, and 
clothing suffer considerably. Also, vvorkers 
in chemical factories and in other establish- 
ments where special substances are used. 


meet unusual dangers to health in the air 
which they must breathe. In general, how- 
ever, there is little to fear from atmospheric 
dust or from disease transmitted by way of 
the air. During the long years which man 
has spent under such conditions, he has 
evolved many bodily defenses and many 
adaptations which serve him in overcoming 
the solid particles which enter his breathing 
mechanism. 

It may perhaps surprise our readers to 
learn that dust has its uses and, in one 
respect, is rather essential. Beautiful sun- 
sets or sky colors of any description would 
be quite impossible were it not for the fact 
that dust acts as a color filter and reflector. 
The most beautiful effects are produced 
when the sun’s rays pass through air that is 
heavily laden with dust particles. The 
colors that result depend upon the size of 
the particles and the direction of the sun’s 
rays as they enter the eye. But the most 
important r 61 e which dust plays in life is to 
act as centers around which atmospheric 
moisture may gather, and then fall as rain. 
Rainfall would hardly be .so frequent or so 
plentiful if there were no dust in the air. 

As a summary of the facts set forth thus 
far, let us imagine that in some mysterious 
wa}' one could sej)arate the air into its 
parts, and that these parts could be care- 
fully laid one upon the other, the heaviest 
at the bottom and the lightest at the top. 
Wf ‘should then have resting upon the sur- 
face i»f the earth: 

A fivc-inch layer of liquid water 
A 50,000th of an inch of xenon 
A half-inch layer of krypton 
A very thin film of ozone 
A thirteen-foot layer of carbon dioxide 
A ninety-yard layer of argon 
A five-inch layer of neon 
A one-mile layer of oxygen 
A four-mile layer of nitrogen 
A half-inch layer of helium 
A thin film of hydrogen 
A sprinkling of dust 
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In a cascade of terrible heat 
and brilliance this copper from 
the famous Flin Flon mine in 
Canada is being poured into the 
giant ladles at the bottom of 
the picture. It is hard to be- 
lieve that this is the same red 
metal that we see in our pen- 
nies. Yet that is true. It is 
in no way changed except that 
the molecules which make it up 
have been made to move about 
with terrific speed. In other 
words, the copper is hot so 
hot that it has been turned into 
a liquid and gives of! a brilliant 
light, the molecules slow 
down in their v.ild race the cop- 
per will gradually cool and hard- 
en. For that slowing down is 
the same thing as cooling off. 


I 
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The DANCE of the MOLECULES 

Objects Are Warmer When Their Molecules Dance Faster; but 
No Object Is Ever So Cold that the Dance Stops Altogether 


OS r of US like to explore places where 
no one has ever been before. J'hat 
is why Commander Byrd and others 
suffered hardship at the Poles. 1'hat is 
why Beebe descended deep into the sea, and 
Piccard rose high into the atmos[)here. For 
the same reason scientists are experimenting 
with rockets, hoping that some day men may 
be able to shoot themselves far into space, 
there to explore at close range the mysteries 
of the heavens. But there is one kind of 
world where man himself can never liope to 
go, because he is much too large. This is 
the w'orld of atoms and molecules (mol'e- 
kul). .. , 

Of course most exf)lorers have a .serious 
purpi^se when they start on their travels. 
They seek wealth or fame or new^ knowledge, 
as well as enjoyment. Nevertheless they arc 


fascinated b\' the unknown, and are thrilled 
as much by danger as by discovery. No 
greater ma stery exists than the world of the 
infinitely small; and yet, if we arc ever to 
explore its regions, W'e shall have to do so by 
indirect means. Now’ indirect means arc 
valuable and important. Already they have 
led us to many discoveries and much knowl- 
edge. Though it would be more interesting 
to make an actual journey among the mole- 
cules, we may, with the knowledge already 
possessed, plan an imaginery trip. 

To begin with, it is necessary that we 
shrink to a size so small that w’e can move 
freely through the spaces betwecMi molecules. 
Perhaps one does not realize that such spaces 
exist in an object as solid as a bar of iron; 
hut they do. In order to enter, we become 
at least as tiny as the molecules theiaselves. 
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It is useless to say how small that is; but we forest. The trees look fixed and motionless 
may get some notion of the size by realizing when we are high above them; yet we know 
that if the earth itself were to shrink in the that the branches are tossing in the breeze, 
same proportion, the globe on which we live We guide our car carefully, so as not to 
would be no larger than a tennis ball. run into a molecule. Not that we fear the 

Having succeeded with the process of danger of collision! But we do not wish to 
shrinking, let us embark on a trip of ex- interfere with the movement we came to 
ploration through _ study. Traveling 

a solid bar of iron. about in this seeth- 

In imagination we ^ excited 

provide ourselves world, we 

some of that groups of iron 

car can molecules to 

move as we wish arrange them- 

which selves 

can us regular ways, 

from all harm. We dilTicult to 

are provided with what form 

a searchlight to group of molecules 

see our way. takes; but the reg- 

The first strange ularily of l he form 

sight that greets is as geometrical 

us is the disap- in outline as is a 

pcarance of the cube. There seems 

shiny smooth surface of the There is a fascinating trip that man to be layer upon layer of these 
bar. Instead, we see that the arranged groups of 

boundary line between air and one can take it in imagination, molecules, in spite of the fact 
iron is full of irregulariUcs. 2 ?” Mch'is’^ta” to be ow*w?^ that each molecule is dancing 
And besides, the high spots veyance. It has already shrunk to and fro. 
and the low spots in the sur- moj^e8"i/a”iece*S Now we signal to our friends 

face of the iron are not fixed; *B™t*^of**amrBe^ the giant'^ human world to 

they change constantly. This, molecules are not at rest, as they place the bar of iron on a hot 
of course, is no gr^t wonder stove. When this is done, a 

for us. We are quite familiar ’ new excitement begins all 

with the fact that a well-kept lawn seems as about us. The stove molecules seem to 
smooth as silk to an observer in an airplane; be moving back and forth furiously; and 



but to an insect crawling among the blades 
of grass, the field appears as rough as a 
forest of giant trees. 

The Great Speed of the Molecules 

A second remarkable sight which greets 
our eyes is the movement among the iron 
molecules. There are trillions of them, but 
not a single one is quiet. They fly hither 
and thither at great speed, colliding with one 
another and rebounding with the impact. 
It is hard to realize that this dancing mass 
of molecules is actually a bar of iron that 
rests motionless when the normal human 
eye looks at it. Again, this experience re- 
minds us of an airplane view of a distant 


new excitement begins all 
about us. The stove molecules seem lo 
be moving back and forth furiously; and 
when they strike the bar molecules, the 
latter too rebound with greater speed. In 
a little while we find ourselves moving 
through a world of molecules that arc 
moving much faster. We receive word 
from our friends that the bar of iron is 
now “red-hot”; but all we see is that the 
molecules move faster. We signal back to 
ask that the stove be made hotter. After 
an interval, we receive the reply that the 
iron is “white-hot” and that it will soon melt. 
We look about us for some change in the 
molecules; but aside from greatly increased 
motion we see very little alteration. When 
word comes that the bar is melting and 
that it has had to be placed in a clay vessel, 
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we notice that the geometric arrangement 
of molecules is fast disappearing. With the 
report that the solid iron has changed to 

3 3 H wefindthat 

3 •» i% -ii arrange- 

1 ment is 

'•f% 3^3 3 3 4-1 gone, owing 

■^33 ^3 3 to the ter- 

3 -%.3 jr 3/^3 ^3 riiic mo- 

i : ^ ^ 3 3 3 3 tion. Can 

3 ^ .lit be that 
's# ^ the heat en- 




When an object is cold, its mole- 
cules do not dance so fast as 
when the object is warm. Hence 
they can stay closer together. 


P 3 3 

l?a» 3 <» 

I »* » * -o ^ 

3 .^3 ■ ^ 

;■ I ^ 3 3 

■ .^ 3 

... 


Ijcxiy is nothing more than ^ ^ 

the movement energy of its ^ d 

molecules? ^ ^ 

Certain it is that we our- 3 ^ 
selvc" ilJi nothing of the ^ j ^ ^ 

stove’s heat. The only cf- 3 ^ 

feet upon us is that we need ' 

to be more watchful in ^ * 

When heat is added to an object, 
steering the car, since it motion of the molecules in it 

is now more difficult to increases in speed. They there- 
. , , fore collide harder and bounce 

(lodge the speeding mole- back farther, and Uie spaces be- 
cules. How much faster tween them grow wider. 

can they go? That is the question which 
now comes to mind. And to get an an- 
swer we send word to our friends that 
more heat be added to the pot of molten 
iron. At the surface of the hot liquid w^e 
notice a strange effect. Now and again an 
iron molecule is hit so hard from below that 
it flics up and away from the pot. The air 
above the surface contains numerous mole- 
cules that have been kicked off in this W’ay. 

We are reminded of the particles of whaler 
which evaporate from the surface of the water 
in a glass. Evidcnll}' liquid iron, too, can 
evaporate. Occasionally w^e see molecules 
of iron return to the molten liquid; but as 
many others go shooting into the air to take 
the places of those that have left it. 

Adding more heat to the pot has the ef- 
fect of adding more speed to the molecules. 

Now they not only move faster, but they 
cover more distance. Evaporation increases 


in amount. Soon I he excitement is so great 
that thou.sands of iron molecules together 
are discharged into the air. At this point 
we receive a message that the molten iron 
is boiling away into iron steam which glows 
with a light that dazzles the eyes of human 
observers. In our tiny car, we see nothing 
of all this. So far as w^e arc concerned, the 
addition of heat has had but two noticeable 
effects. One is the continued increase in 
speed of the iron molecules; and the other is 
the ever widening distance between mole- 
cules. We notice that our car must travel 
over a vast amount of space when the bar of 
iron has changed entirely into 
iron steam. The iron mole- 
^ cules are scattered freely 

' ^ molecules of air. 

3 Since the addition of more 

^ brings no new changes in 
^ steam, we decide to 

grow cold. The 
‘9 signal is given and we watch 
9 for results. Slowly but steadily 

^ m the molecular dance becomes 


^ the molec 

’'"a 


lent. ^ - S 

speedS 0 O H 

d ^ '' r f Ije c I 

point an object is made very hot, the 

where our speed of the molecular dance is furi- 
, ous. Collisions increase, the spaces 
friends between the molecules grow much 
tell US ^»der. The object as a whole expands. 

that the steam has condensed to molten iron 
again. Later we receive w'ord that the liquid 
is becoming solid; and finally the solid iron 
is as it was in the beginning, except that its 
shape is that of the containing pot rather 
than that of a bar. Throughout the cooling 
process, we notice only the slowring down of 
the speed of the molecules and the contrac- 
tion of the space they occupy. 

The continued slowing dowm of the moving 
molecules makes us curious to see if they 
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can ho slop])ed altogether. In order to 
lind out, we send this message to our friends 
in the giant human world: “Can you make 
the iron very cold?” “How cold?” is the 
rcj)ly. “As cold as ice,” we say, waiting to 



see what 
happens. 

T h e 
results 


the molecules cease moving altogether. 

Our exjdoration at an end, we decide to 
return to our own world. The knowledge 
we sought has been found. We now know 
that molecules do not get hot and they do 
not get cold. There is no such thing as a 
warm molecule or a cold one. Yet when 
heat is added to a body, its molecules dance 
faster and usually move further apart. 
When heat is taken aw'ay, the molecules 
move more .slowly. Heat energy, then, 
is the mechanical energy of molecules. 
On earth, no object is ever so cold that 
its molecules stop their perpet ual dance. 

If your hands grow numb with cold, 
you probably rub them until they are 
warm again. As your hands grow 
I W'armer, their molecules move faster. 
/ One way of describing what happens 
’ is to say that friction 
produces heat. An- 
other way of stating 


what disap 
pointing; for 
packing the 

metal in cracked IWilUF Ul 

ice causes only a slight decrease iff 

in molecular speed. “Can you y 

make the iron still colder?” we V a - .....i., 

flash to our friends. After some ^ 

delay W^e learn that the ]K)t con- are four instances in Vp 

taming the metal has been placed body are being made to 

in a refrigerator; but the mole- '^enwerub 

, our htfnds together, we feel 

cules still dance, m spite of the the mechanical energy 

fact that the degree of coldness S:,"^"**?*^***^! 

of the iron is now 20 degrees be- creased speed of the moving ' 

low that of freezing water. Our fleih'“*lS tte^'ppw^ckde 

constant requests for less and the molecules in a steel bar this is to sav that the mechanical 
, , , 1. • .1 r 1 are being made to move with ’. . . , 

less heat result in the use of dry greater speed as the bar is energy useil in oxTrcoming the 

ice and then of liquid air, which ® [®'*|** force of friction is changcil into 

IS about 300 degrees colder than shoe resting against a turn- heat energy. Ihus, instead of the 
freezing water. This has an ap- ‘>if hand across the 

preciable effect upon the dancing mbs against the wheel. Fi- other, wc have an increase in 

molecules, but it does not sto]) Sin/’and^steel shows*how*n motion of their molecules. 


them. Finally, liquid hydrogen Wow may heat an object 
and then liquid helium are poured 

over the pot of iron. Tn our car wc are as just exph 
unaware of the fierce cold as w’C were of the bannister 
fierce heat. We notice only the marked slow- into wood 
ing down of the molecules. Liquid helium A machin 

makes them move very sluggishly indeed; duce frict 

bu-t. they do not stop. IVy as our friends ninganai 

will, they can never get the iron so cold that “on” ofu 


an object have all noticed that fric- 

tion produces heat in the manner 
just explained. Sliding down a rojic or a 
bannister burns the hands. A drill boring 
into wood or rock becomes extremely warm. 
A machine that is not regularly oiled to re- 
duce friction burns out its bearings. Run- 
ning an automobile with the emergency brake 
“on” often sets fire to the car. fn many 




The earth itself is a source of heat energy. It is the steaming hot waters of the New Zealand lake 
believed that, except for its outer crust, our globe shown above. Other hot springs are found in Yel* 
is a fiercely hot ball of iron. Perhaps this explains lowst.one Park and in frigid Iceland. 


other ways wc arc made aware of the fact 
that the simj)lcsl w^ays of getting 

molecules to move faster is to rub the object 
in which they lie. Iriction is a 
Source of heat. 

Of course do not dc- 
pend uptm friction altogether \ 

when we wish heal, lie- 
fore savage man learned 
to make lire by rubbing a 
slick on wood, he prob- ^JlL? 

ably knew that a vast " 
amount of heat exists in 
the earth itself, lie saw 
huge tongues of llame ' 

belch forth from volca- 
iiocs, and occasionally he 
found springs of hot water issu- 
ing from the earth’s interior, lo- 


been suggested that when all other sources 
of heat are exhausted, we can simply use 
the heat in the interior of the earth. Indeed, 
a famous English scientist haspro- 
^ ]')osed a plan by which a well 

twelve miles deej> may be 

B lug in order to draw upon 
the heat of the earth. 
Anri in some parts of the 
world steam issuing from 
cracks in the rock is 
stored in tanks and used 
to run steam engines. 
Perhaps the most con- 
iS venient s<.)urce of heat 

^ to-day is a current of 

electricity. Just as a boll of 
lightning may .set tire to a 
house or a tree, so, on a much 


day we believe that the earth is ^^dences of *the°heat°wlfich smaller scale, the Jhnv of elec- 
rcally a licrcely hot ball covered exists in the earth’s interior, tricity through a wire makes the 
With a cool ])ut very thin crust, method for putting such wire hot. J he amount of heat 
As wc go down in a mine the air energy to good use. obtainet depends upon the 

gets noticeably warmer. In fact, one reason kind of wire used and the amount of current 
why mines cannot lx‘ dug deeper than two which Hows. 'I’he ordinary electric iron is 
or three miles is that the high temperature a good example of heal obtained through 
makes wwls. impossible. Some day, piTha))S, the How of electricity. So is the electric 
we shall learn how^ to resist this heat; and radiator, the toaster, and the coffee perco- 
Ihen we shall lap the reservoir of heat energy lalor. Everyone is familiar with the heat 
which exists under our very feet. It has given off by a lighted electric lamp. Also 
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we depend upon heat produced in this way 
to “blow the fuse”; for too much current 
melts the fuse wire, thus protecting the house 
against hre. 

But electric heat is expensive as well as 
convenient. Besides, in order to generate 
electricity, heat must be obtained in some 
other way; for dynamos 
are usually driven by ^ 

steam engines and these 
engines must have 
steam that comes from 
boiling water. The 
cheapest and the easi- 
est way of getting large 
amounts of heat energy 
is to make a hre. Fire 
has always been and 
still is our most im- 
portant source of heat. 

Just what is fire? 

Some people would say 
it is the “tlame”; others 
would call it the 
“smoke”; still others 
might say the lire was 
the burning substance 
itself. The best way 



much heat is developed by the human body 
that, as a rule, it works hard to get rid of 
much of this heat. Occasionally we hear of 
dangerous fires which are started by a slowly- 
burning object. An innocent-looking oil 
rag is thrown into a corner and forgotten. 
The oil begins to bum slowly. Some heat is 
„ ^ generated, but no light. 

Hence no one sees the 
“fire” in the rag. Since 
the rag is usually 
crumpled up, the heat 
is largely retained in 
the folds, where it ac- 
cumulates. Eventually 
the rag bursts into 
llame, causing much 
damage. Fires of this 
kind are referred to as 
being caused b}' “spon- 
taneous ( spbn- ta'ne-us) 
combustion.” 

'ro make a fire there 
must first be a fuel of 
some kind; that is, 
there must be a sub- 
stance that will burn. 

One cannot build a fire 


to }}o-ijse 


r, .t . '7"" Perhaps the most convenient source of heat is the "T 

of describing fire is to electric current. Frequently it is too expensive to with stones or sand or 

., 0 ,, use on a large scale; but every house that has electric 

say that it is the light Ug^ts uses the heat from electricity as a protection iron, ^ ihese substances 

and heat which comes against fire. Above, you may see what happens when are not fuels. Coal and 
. f too great a now of current “blows the fuse.” , , , 

from the process or ^ wood, gasoline and al- 


burning. Now, burning may be slow or 
rapid. When it is slow, very little, if any, 
light is given off. When it is rapid, light as 
well as heat is released; though there is al- 
ways more heat than light. But whether 
burning is fast or slow, the scientist calls it 
a process of “combustion.” Combustion 
(k6m-bfis'chun) is a source of heat. 

When Burning Objects Give No Light 

Many things will burn, if conditions are 
right, and in burning, liberate heat. Long 
ago man learned how to get heat from the 
combustion of wood, grass, and leaves. Now 
we also use coal, gas, and oil. All around us, 
however, substances are slowly burning, 
yielding heat but no light. Iron that is 
rusting is really iron that is burning slowly. 
Food, when eaten, burns slowly in the body, 
providing us with much heat. In fact, so 


I/AVW9 UAV 1 «■ mm 

wood, gasoline and al- 
cohol, hydrogen and acetylene gas are among 
the fuels most commonly used. Of the six 
fuels mentioned, two are solid, two arc liquid, 
and two are gaseous. Of course, there are 
many others of each kind. 

Secondly, no fuel can burn unless there is 
air to support the combustion. A constant 
stream of air must pass up through the 
stove grate. A clogged chimney results in 
a poor fire and may even put the fire out. 
Fanning a glowing ember causes it to burst 
into flame. Every automobile engine has a 
carburetor which mixes air with the gasoline. 
Every gas stove has an air vent through 
which a proper amount of air must enter in 
order that a hot flame may be obtained. 
And every human being must breathe — for 
no other reason than that air is necessary 
if food is to be burned. 

Thirdly, a fuel must be raised to its 
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•kindling point before it will burn. No 
inatter how burnable an object may be, or 
how much air may be present, a fire does 
not start before that point. It must first be 
‘^lighted,” “set afire,” “kindled.” Even in 
the case of spontaneous combustion the oil 
and the rag did not burn until the gradual 
heat accumulation 
raised the mass lo the 
kindling point. Of 
course different sub- 
stances kindle more or 
less easily. A jnece of 
phosphorus is kindled 
by the warmth of the 
human hand; a piece 
of paper requires the 
heat of a lighted 
match; even iron 
bursts into a sparkling 
tljime if raised lo a 
high enough temjjera- 
turc in an atmosphere 

of OX>gCil. 

Knowing the three 
essentials for makijig 
a fjre teaches us how 
to put fires out or to 
prevent them. Fire- 
proofing is based upon 
the first essential for 
making a fire; namely, one must have a 
burnable substance. Clearly, if a house 
or a garment is coated with a layer of 
.some substance that does not burn easily, 
the house or the garment is thereby protected 
against fire. Wetting an object makes it 
fireproof for some time, since the film of 
water which surrounds the object is an un- 
burnable .substance. When a trench is dug 
in the path of a prairie fire or around a 
burning forest, the idea is to remove all 
further fuel and thus confine the fire to a 
limited area. Asbestos is the most popular 
fireproofing material, because it docs not 
burn. 

A second method of extinguishing fire is 
based upon the second essential reciuirement 
for a fire; namely, the need for air or oxygen. 
Once a huge oil well took fire and spouted 
flames several hundred feet into the air. 
The fire was finally put out by lowering over 


the blaze a large steel dome. When the air 
in the dome was used up, the fire died down. 
At another time a similar oil-well fire was 
extinguished by discharging a blast of dyna- 
mite near the flame. The force of the ex- 
plosion blew the air away, leaving a vacuum 
for a short interval of time. The fire was 
literally snuffed out. 
In fact, that is exactly 
what happens when 
one blows out a candle 
tlamc. 

A very common 
method for putting 
out small fires is to 
surround the burning 
object with a heavy 
and unburnable gas. 
The gas pushes the air 
away from the object 
and the fire goes out. 
The gas often used in 
this way is carbon di- 
oxide. It is generated 
chemically by invert- 
ing a tank extinguisher 
that is attached to the 
w^all. Another gas 
used in the same way 
is known as carbon 
tetrachloride (tSt'ra- 
klo'rid), or more commonly, “carbona” and 
“pyrene.' Carbona is a liquid which boils 
very easily, producing a heavy, unburnable 
gas. When sprayed ujxm a burning object, 
the liquid evaporates, and the resulting gas 
surrounds the fuel and displaces the air. 
Then the lire is extinguished. 

Why Water Puts Out a Fire 

Water is an excellent fire extinguisher for 
the reason that it does away with each of 
the three conditions essential for making a 
fire. In the first place, water is an unburn- 
able substance. Secondly, it wets the fuel, 
thus preventing contact betwreen fuel and 
air. Finally, it has a cooling effect upon the 
burning substance. This tends to bring 
lown the temperature below the kindling 
point. 

Thus far, wc have enumerated four sources 
of heat: friction, the interior of the earth, 


/ 





When you put out a candle’s flame by blowing on it 
sharply, you are interfering with at least one of the 
tlu'ee essentials for burning. You are removing the 
burnable mixture of vaporized tallow and air. 
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electricity, and combustion. Yet, in a sense, 
all of these sources are derived from a fifth 
— the sun. Friction, as we have learned, 
involves a moving body, and most of the 
motion of this kind on our earth is caused 
either by animals, by wind, or by water. 
Animals get their energy from the sun by 
eating the food which grows in sunlight. 
The wind is chiefly due to unequal heating 
of the earth’s surface by the sun. Plowing 
rivers are constantly replenished by the rain 
of sun-evaporated water. 

As for the heat inside the earth, we must 
bear in mind that the entire earth was once 
part of the sun. Electricity, too, is derived 
from the sun, for electricity is generated by 
a machine that requires heat; and this heat 
is usually obtained by combustion of fuels. 
Fuels, of course, are the direct result of 
sunshine. In the case of wood, it is recent 
sunshine; while in the case of coal and oil, 
the fuel is the remains of very ancient sun- 
shine. Gaseous fuels are usually derived 
from wood, coal, or oil. 

Thus we must always look to the sun for 
heat. If life is to go on, the sun must keep 
shining. Molecules will cease their iiei7)etual 
dance unless that great heavenly body at 
the center of the solar system continues to 
pour forth its energy. 

Why is the sun hot? Century after cen- 
tury it has managed to glow without any 
.seeming reduction in its light and heat. 
Many of the greatest minds of science have 
been baffled by this puzzle. At first the 
answer given was that the sun is hot be- 
cause it is burning; but (his soon api)carcd 
to be ridiculous. Tf the sun were ma<le 
entirely of coal and oxygen, it could not 
possibly burn for longer than fifteen hundred 
years or so. 

The German scientist von Helmholtz 
(fon h€lm 'holts) then proposed the idea that 
the sun is hot because it is contracting; that 
is, it is getting hot by squeezing itself into a 
smaller space. In this way the age of the 
sun was indicated to be about fifty millions 
of years, and its possible future only ten 


million more. But geologists at once pro- 
tested, since there is evidence that the earth 
itself is more than two billion years old. 

Then the explanation was offered that 
meteors pounding down upon the sun in 
great numbers keep the sun hot. But it was 
shown that to maintain the heat of the sun, 
there would need to be so many meteors 
that the sun’s weight would double in thirty 
million years. 

To-day most men of science believe, with 
Einstein (Tn'stin), Jeans, and Eddington, 
that the sun sends out heat by changing its 
matter into radiation. Each year the sun 
loses 120 trillion tons of its mass. Only a 
little bit of this comes to us upon the earth; 
but what we get we treasure as life itself, 
for in a sense this heat energy is life. 

How Long Will the Sun Last? 

How long will the sun Iasi if it loses 120 
trillion tons every year? lyldinglon, after 
many complicated calculations, (ells us that 
it has still about 15 trillion years to go. If 
this be true, none of us need \v0rr3" as yet. 
But what of the dim and distant future? 
Of course, we do not know; perhaps we can- 
not km)W'; but the following is one picture 
of the future which is ])ainted for us by a 
scienti.st, writing in ^‘ 1 'lK\New^ 'S'ork Times”: 

“The sun cannot radiate forever. Like 
other stars, it must die — become a blackened 
cinder wandering through space. It will 
refieat the earth’s career, exccf)t that it will 
have no other body to flood it with light and 
heat. It w’ill acquire a thin, solid crust. 
Century after century gases wall burst 
through. Streams of lava will pour out. 
The crust will become thickiT and thicker - • 
so thick that imprisoned lava will freeze into 
solid nx k and metal. Water will be formed. 
Oceans will bathe the crust. The sun will 
lie much like the earth — but a colossal dark 
earth on which only stars will shine. Tee 
will form, and at last the atmosphere will 
condense into seas of licjuid gas. A slow 
shrinkage of the surface due to loss of heat 
will reduce the sun to a wrinkled mummy.” 
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Here is an experiment you will find amusing. Place place both hands in a dish of lukewarm water. It 
vour right hand in a dish of hot water and your left will surprise you to find that the tepid water feels 
hand in a dish of ^Id water. After a few minutes hot to the left hand and cold to the right hand. 

HOW FAST DO MOLECULES MOVE? 

And What Happens to an Object When the Molecules in It Fall to 

Dancing Very Rapidly? 

selves, ‘‘This stone is motionless. Year make the molecules of your hand dance. If 
after year it is found in exactly the same the dance is too violent — that is, if the 
spot. Neither wind nor water nor weather radiator is too hot — you quickly draw your 
can budge it.” We may approach closer hand away. In less time than it takes to 
and examine with the minutest care any tell about it, certain nerves in your hand 
part of it. There is nothing to suggest transmit a messiige to your brain and spinal 
motion. It is all fixed and stationary. But cord. fhis .sends out an impulse which 
one must use his “mind’s eye” in order to pulls your hand away and in your brain you 
see anything so small as a molecule (mol'e- have the thought tliat the radiator is too 
kul). And, using such eyes, we see the hot. Of course, it may not occur to you that 
motionless boulder turn into trillions of “too hot” means “too violent a dance among 
molecules that quiver and dance to and fro. the molecules.” But if you are a scientist 
On a warm sunny day this dance becomes you will find it very convenient to think of it 
faster and more energetic; in the cold of in that way. 

winter, the dance slows down, but never Try the following experiment. Take three 
stops. empty basins, each large enough to hold both 

Now, although we cannot see this dance your hands. Then fill the first basin with 
except with our mind’s eye — which is the very cold water, and the second one with 
same as saying that we must imagine it — water as hot as you can stand; for you art 

338 


HE molecules of which all things arc we can and do feel the daiice. 'fry placing 
made are never at rest. We look at your hand on a warm radiator and feel how 
a massive boulder and say to' our- the dancing molecules of the warm metal 
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agoing to immerse your hand in this water. 
In the third basin mix hot and cold water in 
about equal amounts. Now, place your 
left hand in the cold water and your right 
hand in the hot. Keep them there for a 
minute or two. When you have grown 
accustomed to the different temperatures, 
remove the . 

hands and 
place them 
both in the 
basin contain- 
ing the tepid 
water. 

At this j 
point, if^jHjl^^ 
you have^Hj^^V 
followed in- 

One of the earliest I 
structions, thermometers ever I 



warmer than it should be, and sometimes it 
does not. It all depends upon where her 
hand has been before she laid it on the 
child’s forehead. If she is a wise mother, 
she will not rely upon her hand, but will 
use a thermometer; for a thermometer is 
the only accurate method of measuring 

, . . . the Sliced of moving 

In the picture at the left you , , 

see a rubber balloon partly molecules. 

filled with air. It ia, of course, Tf we wi<;h to 

flat and flabby. The picture * , 

below shows a strong electric know how 

lamp, with a reflector, direct- ^ « train ic 

ing its fight and heat upon the ^ 

balloon. Gradually, the bal- moving, we 

inflSfd: m 

It contains no additional air; as it passes 

but the air it held to start wifli 

has expanded as it grew over a certain 


an interesting ex- ®®de is shown at the left of i 
° the upper picture. Itwasde- 
penence aw^aits vised by Drebbcl, a Hoi- I 

vou To the left than 300 years 

r , ago. The expanding liquid* 

hand, which has in the flask was colored wa- 
hppn in w*!— ter. Another type of ther- I 

Deen m t mo w.l- moneter. used by GalUeo 

ter, the tepid early in the 17th century, is 
shown at the right in the 
water feels hot, lower picture. Here the ex- 
and yet the same pending substance was the 
. ; air in the round glass bulb, 

tepid water feels 

cold to your right hand. Of course a basin 
of water cannot be hot and cold at the same 


If we wish to 

at and flabby. The picture , , 

elow shows a strong electric know how 

alloon. Gradually, the bal- moving, we 

UUIyru^d’Slii inflSfd: m 

t contains no additional air; as it passes 

ut the air it held to start wifli 

as expanded as it grew over a certain 

warmer. M known dis- 

II tancc. To do 

H this in the 

[I case of a 

11 molecule is 

lli A no I h e r 

B III method is 

H l« I necessary. 

H. In a pre- 

B ceding story 

we learned 

that warming objects causes them to expand 
— w^hich means that the faster molecules 


time. If the molecules are moving with a 
certain speed in one part of the liquid, they 
move with equal speed in all parts of the 
liquid. What, then, is the explanation for 
the different feelings which your two hands 
bring you? 

Why Your Hands Felt Hot and Cold 

There is but one conclusion. The sense 
of touch does not always tell us how fast 
molecules are moving. In trying to feel the 
dance of the molecules, we arc too much 
influenced by the last thing we touched. If 
an object is hot enough to burn us, or cold 
enough to freeze us, our sense of touch will 
give us warning. Beyond that, hov.ever, 
touch is very unreliable as a means of 
measuring the speed of the molecular dance. 

Perhaps you have seen a fond mother 
place her hancT on a child’s forehead when 
she suspects that the child is feverish . Some- 
times her touch tells her that the head is 


move, the more space they occupy. This is 
not hard to understand, for the molecules, 
since they are moving faster, collide with 
greater force and therefore bound further 
away noin one another. Thus, if w'e can 
measure the .space occupied by an object 
while hot and compare it with the space 
occupied when the object was cold, we can 
tell something al)out the amount of increase 
in speed of the moving molecules. 

This method was used more than three hun- 
dred >'ears ago, though no one at that time 
knew anything about molecules. Scientists of 
that day spoke of warm objects as contain- 
ing a certain number of “degrees of warmth.” 
This idea of “degrees” has remained to the 
present. Instead of measuring molecular 
speeds in “miles per hour” we still measure 
it in “degrees of temperature.” The in- 
strument which does the measuring is called 
a thermometer. 

In the seventeenth century, a Dutchman 
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named Drebbel made a thermometer which 
consisted of a flask with a long narrow 
neck. The flask contained water up to a 
certain point in the neck. If placed near a 
warm object, the water in the flask soon 
grew warm and expanded. This was in- 
dicated by a rise of the water level in the 
neck. The higher the 
temperature, the higher 
the rise of the water I / 

level. In some ways 8 V 

this first thermometer 8 j 

is not very diflerent S IgH 

from the one we use to- 8 
day. Our thermometers g E ^ 

resemble flasks with 8 T : 

long necks, and they g ~ 

contain a liquid. The 3 Z: 

liquid is not water, how- S “ 

ever; it is usually mcr- g ir- 

cury. 1 

Galileo (gal'i-le'o), ^ 
who practiced medicine 
at one lime in his life, 


water. This was an improvement, because 
alcohol expands more readily than watei 
and freezes at a lower temperature. An 
alcohol thermometer can be used for tem- 
peratures at w'hich a w’ater thermometer 
would cease to work because the waiter in it 
would be frozen and would break the glass. 

Ion years after Roy 
had made his alcohol 
\ thermometer, the Grand 

/ Duke of Tuscany intro- 

i ducod an improvement 

‘ by scaling the long neck 

of Roy’s thermometer 
in such a way that all 
the air was excluded. 
This made measure- 
: ments much more accu- 

rate. I'or the next hun- 
^Hg (Ired years, scientists 

interested in ihermom- 
eters were not so much 
concerned with further 
improvements of the 


needed some way to Here is an air thermometer which anyone can make instrument as with the 
measure the fever of a of a round glps flask, a cork, a glass tube, a problem of decidine 
, TT 1 .1 . common tumbler, and a few pieces of wood. ‘ ° 

patient. He knew that upon a scale of units to 


patient. He knew that 
heat expands gases more than it does liquids. 
He therefore decided to u.se air in his ther- 
mometer, This consisted of a glass flask 
with a long neck; but it was filled with 
nothing but air. It was inverted with the 
open end immersed in a jar of water! To 
prepare it for use, Galileo first lieated the 
flask to expand the air in it a little. 'I'his 
caused a few bubbles of air to escape from 
the open end under the water. Upon cooling, 
the air contracted again, and the water level 
was pushed up by air pressure to a point 
up in the long narrow neck. Now, if the 
flask of air was brought in contact with 
the body of a patient, the bodily heat ex- 
panded the air and pushed down the water 
level. The higher the temperature, the 
greater the depression. This thermometer 
proved to be very sensitive. It responded 
quickly and noticeably to small changes in 
temperature; but of course it was not very 
accurate, and it is no longer used in our day. 

In 1630, Jean Roy (zhoN rwa), a French- 
man, made a thermometer on the style of 
Drebbel’s, but he used alcohol instead of 


mark on it. Of what use is a yardstick if 
those who use it cannot agree ufion what 
shall be called ‘‘an inch”? Similarly, it was 
necessary to decide upon'' what should be a 
“degree” of temperature. J'urthermore, 
W'hat temperature should “hot” be? What 
temperature should “freezing” be? W'hat 
should be the temperature of the normal 
healthy body? 

How We Measure Temperatures 

On other j>ages of these books wc have 
told how lhe.se ])roblems were finally .solved, 
and how' we came to have our Fahrenheit 
and centigrade thermometers of to-day. 

As was said once before, we cannot measure 
fhc sjHjed of molecules in miles j)er hour; but 
if w^e know the substances of which an ob- 
ject is made and its temperature, we can 
get a pretty good notion of its molecular 
mot ion. Recausc we have grown accustomed 
to thinking in terms of “degrees” of tempera- 
ture, it will be more interesting to learn 
exactly how hot or liow C(fld certain things 
are. The scale we give answers a number of 
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/juestions which the reader may have asked 
at one time or anotiier. 

'Fhc thermometers used most frequently 
in everyday life all contain a liquid, such as 
mercury or alcohol, which expands when it 
is warmed. But gases and solids also ex- 
I)and when heated and can also he employed. 
We have already mentioned the thermometer 
invented by Galileo, in which air, a mixture of 
gases, was used as the expanding substance. 
Although subject to many errors, Galileo's air 
thermometer has many things to recommend 
it. Tn fact, a somewhat similar thermometer 
using hydrogen gas lias been adopted by 
scientists for ver>' accurate measurements 
of temperature. Convenience, rather than 
accuracy, is what made the liquid ther- 
mometers so popular. 

What an Oven Thermometer Is 

Because of convenience, also, solids have 
been used as the expanding substance in 
thermometers. The most common form of 
this tvne of instrument may be found in the 
baking oven, where the high temperatures 
would raise mercury or alcohol beyond their 
boiling points. 

An oven thermometer consists mainly of 
a coiled metallic strip. This .strip is u.sually 
a compound bar; that is, it is composed of 
two strii)s of (lifTerent metals, brass and 
iron, riveted or welded together. Since one 
metal expands more readily than the other, 
the coil tends to oi)eii up when the tempera- 
ture rises and to contract when the tempera- 
ture falls. I'he movement of the coil turns 
a i)ointcr over a rlial on which a tem])erature 
scale is marked. This scale is in accordance 
with an accurate thermometer of some other 
type. 'Fhere are two chief advantages of 
the “metallic” thermometer. In the first 
place, it makes ])ossible the measurement of 
much higher temperatures than do the 
liquid thermometers. Tn the second, the 
pointer moving over the large dial is more 
easily observed. No squinting at a thin 
thread of mercury is necessary. The temjK'r- 
ature reading is as visible as the time on 
the face of a clock. 

The Weather Bureau often wishes to 
know how the temperature of the air changes 
from hour to hour during several days or 


even a week. It would be too much trouble 
and expense to keep a man watching the 
thermometer all the time. And so a “self 
recording" thermometer is used. This is 
how it works: 

The essential part of the instrument is 
a solid metallic coil like the one used in the 
oven thermometer described before. In- 
stead of moving a pointer over a dial, how- 
ever, the expanding and contracting coil 
moves a long lever. At the end of this 
lever is a i)en point filled with a supi)ly of 
ink. The j)en touches a sheet of pa{)cr 
upon which it makes a mark. Now' this 
sheet of paper is ruled off into vertical 
columns. I'he width of each column repre- 
sents an hour of time, and there are enough 
columns to make up a whole w'cek. The 
paper is also ruled wdth hori/ontal lines and 
the space between lines stands for one 
degree of temperature. Printed in a vertical 
column are the numbers of the temperature 
scale, and printed horizontally across the 
top are the names of the days of the week. 
The entire sheet fits exactly around a cyl- 
inder which is moved by clockwork just 
fast enough to carry the .sheet completely 
past the }X‘n point in the course of a wc'ek. 
In ihis way an ink line is marked across 
the .sheet. When the temperature goes up, 
the line rises; w'hen it goes down, the line 
drops. laithfully and steadily, and with- 
out requiring any special attention, the 
pen diaw’s this line from minute to minute, 
ahvays showing what the temperature is at 
ajiy moinent and leaving behind it a record 
of what the temi)erature was an hour ago, 
six hours ago, or two days ago. 

Recording Conditions at a Great Height 

This same tyi)e of recording thermometer 
is used w’hen aviators cx])lore the upper 
reaches of the atmosphere or when a sound- 
ing balloon is sent twenty-five miles up into 
space in order to find out w'hat conditions 
are like at such a great height. The thermom- 
eter makes an ink- line record of the temper- 
ature changes on the w’ay up and down. 

A doctor’s thermometer is rather inter- 
esting. You can take it from a patient’s 
mouth into the coldest room and keep it 
there for hours; but it will continue to show 
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the temperature of the pa- 
tient's body. Why does not 
the mercury cool and shrink, 
and draw down the level of the 
liquid in the stem? An ordi- 
nary thermometer would cer- 
tainly do so; but a doctor's 
instrument must be shaken 
sharply before the mercury will 
drop and let the instrument be 
used a second time. Tn fact, 
we all know how the doctor 
snaps the little tube in the air 
several times before he puts it 
into the patient’s mouth. 
What is the reason for 
this? 

If you look closely at a doc- 
tor's thermometer you may 
notice a sharp constriction or 
pinching of the inside tube at 
the bottom of the stem. When 
the mercury is expanding it 
forces its way up through this 
narrow channel, rising to the 
|X)int which indicates the tem- 
perature of the patient’s body. 
When the thermometer is re- 
moved, the mercury cools and 
shrinks, but the liquid in the 
stem cannot pass down 
through the constriction. So 
the highest temperature that 
the thermometer indicated con- 
tinues to be registered by the 
mercury in the stem. In order 
to use the instrument again, 
one must shake down the mer 
cury, so that the liquid in the 
stem joins the liquid in the bulb. 

We sometimes read in 
the newspapers that “the 
lowest temperature 
reached during the night 
was ten degrees below | 
zero.” Did some person 
stay up all night taking 
measurements every five 
minutes or so? Of course 
not. The newspaper or 
the Weather Bureau used 
an instrument called a 
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“minimum thermometer.” 

Such a thermometer fre- 
quently contains alcohol as the 
expanding or contracting 
liquid. A small iron “rider” 
rests inside the stem just at 
the top of the liquid. When 
the alcohol gets cold, it shrinks 
and drops. There is sufficient 
attraction between the alcohol 
and the surface of the iron rider 
to cause the rider to be dragged 
down loo. The colder the 
temperature gets, the further 
down the rider is dragged. As 
the temperature goes up, the 
alcohol expands and rises in 
the stem; but the rider is left 
behind. Jf the thermometer 
has been left out all night, we 
need only look at the position 
of the rider in the morning. 
This will tell us how cold it 
was during the night. To use 
the iberomometer again, how- 
ever, wc must lift the rider to 
the !()]> of the alcohol. This is 
done with a horseshoe magnet 
which can pull the iron rider 
upward. 

Tn rcceril years we have be- 
gun to realize that our health 
and comfort depend just as 
much ujion the moisture in the 
air as upon the temperature. 
So it is important to know how 
to measure the humidity of the 
air. 

Before we describe how two 
ordinary thermometers can 
be used for such meas- 
urement let us say a few 
things about humidity. 
First, it is important to 
remember that our bodies 
are continually giving off 
moisture to the air 
through the pores in the 
skin. This is necessary be- 
cause the body must get 
rid of excess heat in order 
to keep itself at the nor- 
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'mal temperature of 98.6® Fahrenheit. Evap- 
oration of moisture from the skin carries 
away a great deal of heat. Secondly, the 
rate of evaporation depends upon the con- 
centration of moisture already in the air. 
If the latter is dry, skin evaporation is 
rapid and may chill the body. Should the 
air already contain all the moisture it 
can hold, no skin evaporation can take C 
place. Tn that event, the 
body gets warmer and 
warmer and may, in ex- 
treme cases, cease to func- ^ 

lion altogether. ^ Z 

Now how much moisture ^ 

can air hold? That dc- 
pends upon the temper- ^^B 
ature of the air. Warm ^^B , 
air can hold more than cold ^^B : : 
air. The scientist com- , X. ■ 

pares the amount of mois- 
t ure which the air in a room 
contains with the maximum 


est machinery for “air conditioning” — which 
means keeping the air just warm enough and 
moist enough — indoor air is likely to get too 
dry in winter. This is due to the fact that we 
heat our homes without adding moisture to li e 
air. Outdoor air on a very cold tlay usually con- 
tains little moisture; yet itsrelativehumidit} is 

■ its capacity forhold- 
ry low. But when we 
for use indoors, w’e 
e gr^tly its cajjacity 

see that additional 
re gets into the air. 
pans on radiators 
iivip tii some extent; but the 


amouuLu.-,.) possibly hold 

at that temperature. This second of every day for a whole week, volves expensive air-con- 
ratio he calls the “relative ditioning machinery. 


.ctLiv. continue to record the tempera- 

humidity.” Thus if the ture indefinitel3f, provided you keep the In order to know when 
maximum amount which a ?harf^every* wee£ *Vou*wfll**n?tice'^the niore moisture is needed in 

room at 68° Fahrenheit can arm carrying the pen point, which the air, wc must find a wav 
, 1 .r.i rests against the chart. The chart is ^ ^ 

hold IS 8o j)ounds, and if the marked off in days of the week and hours to measure relative hu- 

room actually contains but "f whkS^iUved’b? do^oStf 

40 pounds, the relative hu- plished with a “wet- and 

midity is 40 divided by 80, or 50 per cent- dry-bulb” thermometer. It consists of 
On the Sahara Desert, the relative humidity two thermometers, one with its bulb dry 
may be as low as 10. This means that the and the other with its bulb surrounded 
desert air contains but one-tenth of the bv a wick which dips into a reservoir of 


moisture which it can hold. On a warm, 
muggy day in a New York summer the 
humidity may be as high as 95. In this case 
the air contains almost the maximum amount 


rbydodS?o?kf"*‘ “i'lity. This is accom- 
plished with a “wet- and 
dry-bulb” thermometer. It consists of 
two thermometers, one with its bulb dry 
and the other with its bulb surrounded 
by a wick which dips into a reservoir of 
water. The dry-bulb thermometer tells 
us the room temperature in the usual way. 
I'he wet-bulb instrument usually reads 
lower than the dry, since the evaporation 


of moisture which it can possibly hold. Such 
air is extremely uncomfortable; yet it is less 
dangerous to health than is an indoor 
humidity of 10. In a room of that humidity 
the skin gets arid, the body is chilled, and 
the lining of nose, mouth, and throat crack 
from dryness, thus furnishing excellent 
breeding places for disease germs. Engi- 
neers tell us.th^t a relative humidity of from 
40% to 60% is best for health and comfort. 

Unless our houses arc provided with the lat- 


of moisture causes the mercury to cool. 
7 'he faster the evaporation, the greater is 
the cooling effect. Since dry air results 
in rapid evaporation, the W'ct-bulb ther- 
mometer reacts very much lower than the 
dry one in a very dry room. If the room 
is so humid, however, that its air already 
contains all the moisture it can possibly 
hold, the two thermometers read e.xactly 
alike. So the difference in their readings is a 
measure of the relative humidity. 
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HOW DOES HEAT TRAVEL? 



When the boy pushes the block nearest him, he is 
doing about what the fire does when it causes the 
molecules at one end of the iron poker to increase 
their dance. These molecules bump into their neigh- 


bors, which in turn bump into still other molecules. 
Before long the molecules in the entire rod are dancing 
more vigorously than they did before- even those 
next the hand that is holding the iron poker. 


HOW DOES HEAl TRAVEL? 

If the Warmth from a Radiator Goes Upward, Why Does It Heat 
the Whole Room, and Not Merely the Air Just 
above the Radiator? 


R. NELSOX iind his liltU* John 
wore sitting iK'foro the liro])l;itt‘ 
chatting about many things while 
roasting chestnuts in the hot embers on tlie 
hearth. John managed the metal ])oker and 
his father i)re[)ared the delicacies for the 
lire. In a little while John remarked that 
the jH)ker was getting too ht^t ti) hold. He 
wondered w’h>' the rod should gel hot so 
far from the lire, when the handle on a tea- 
j)ot, shorter and much nearer the gas llame, 
never grow’s loo hot to hold. lie asked his 
father to explain. 

“Well/* said Mr. Nelson, “as I look 
around me, J lind that you and 1 are receiv- 
ing heat in three dilTerent ways. "J he poker 
illustrates one of the.se ways, the steam 
radiators anothe^r, and the tirej)lace a third 
Suppose we look into all three of these ways 
of receiving heat energy. Vou will hnd that 
the poker method is, after all, very simply 
explained. "Kio other two arc not so easy to 
understand. How’ever, I am ready to try, 
if you agree to listen carefully and to ask 
f|ucstious. Shall we start?” 


John agreed and his father began. “As 
for the iK)ker, you miisl remember that it is 
comj)osed of molecules (mol'e-kul). So is 
every other piece of matter on the carlh. 
Now' thesti molecules are never still; lhe> 
are constantly qui\cring. The hotter the 
])oker, more rapidly the molecules dance 
back an forth. The end of the rod which 
is in the tire is, of ci)urse, the hottest part of 
it. 'there the dance is imleed violent. But 
what about the molecules that are just out- 
.side of the lire? Can they maintain a slow 
movement w^hile their neighbors speed up? 
Certainly not; for they are constantly banged 
by the violently active molecules. Pretty 
soon, they too are moving faster, causing a 
disturbance among their next neighbors. It 
is like a line t'f blocks each one of which is 
resting against the one in front. Push the 
first one in the line, and the push is trans- 
mitted through each one in turn, until it 
reaches the last in the line; and the last 
one is pitched forward. In the same way, 
rapidly quivering molecules transmit move- 
ment to their neighbors; these, in turn, ham' 
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on the energy to those just beyond, until the ‘ 
entire poker contains molecules that dance me 
more actively. When the molecules of the yoi 
part of the i)oker you are holding begin to the 
quiver at greater speed, )’ou complain that gla 
the poker is getting too hot to hold. The Lei 
scientist explains all this b}' sapng that your cos 

hand has received teapot below, the wire in the 

some of the heat handle is connected wiUi the pot by a 
u,. strip of nonconducting material. This 
from tlie lire by jg shown inside the Uttlc circle, 
‘conduction’ When the pot gets very hot and its 
.. 1 . , molecules are dancing furiously, those 

tnrougn a metal molecules pound into the molecules 
of the nonconductor. The latter, 

‘ , however, are not easily set in motion 

' n U t what and do not hand on this motion to the 

about the hamlle 

on the teapot? ’ being burned, 

exclaimed John. ^ 

“Can’t the heat | I ^ 

from the gas llame I | 

be conducted J ^ 

through the pot to xZx 

the handle?'’ M 

said his 
father, “it is; but 

very 1 

ought to send you When a dancing molecule . 

t« Ihe klccten lo SS'.iS.nSSyS'S ( 

look at the teapot; passes its energy on-* 

for I’m afraid you ISSU'it hits’’“r 
haven’t been o]> > ^ 

.serving carefully. 

Can you recall * ^ . 

anything different \\ * - | In this case, 

about its handle?” #>111 -• J necteddirei 

Yes, I can. : \ fy dancing 

Now that I think 'if 

of it, the metal » I M words, the 

handle is sepa- XSin'spd 

rated from the may not be 

body of the pot by two black jiicces of 
some sort of material. I have always won- tell 

dered why a solid handle was not used and so c 

why it was not fastened directly.” just 

“What you call the black pieces is the 
secret of your mystery. They are made of 
hard rubber and are called ‘insulators^ “ 
(In'su-la'ter). It has been discovered that the 
the molecules of such substances are not floe 
easily excited into motion. In other words, “ 
they do not conduct heat readily.” floe 

“Is hard rubl>er the only substance that con 
does not conduct heat very well?” asked John, tena 




“Not at all,” replied Mr. Nelson. “Let 
me show }'ou another poor conductor. Do 
you see this medicine dropi)er? I remove 
the ruljbcr bulb, so that I now have only the 
glass left. Now, you take this iron nail. 
Let us both put what we hold near a hot 
coal, llie one wh(^ holds on longer wins the 
the contest.” 

jya John accepted the challenge. I'hc 

ciet nail and the glas:: 

tube were both 
held near the coal. 
John held the end 
of the nail for some 
time; but before 
very long the 
metal grew so hot 
that he was coiii- 

I)cllcd to let it go. 
^ A dancing molecule will TTii; /'n il>/» 

have no more effect on laiiK r, (.11 llie 

the nonconducting other hand, 
material between the i . r , 

handle and the teepot i>ecnned to f(‘el no 

„ ^ , fhis discomfort at all 

-Pj&mgjfll v bouncing . i , 

- ' u ball has on m holding the 

I (dass IS a very 

tSSjE,*!-. l>tH)r conductor of 

, heat,” said his 
^ father; “that 

why! won. Wood, 

- too, is a poor con- 

duct or. So are as- 

:ase, the teapot handle is con- beslo.s, Cotton, 
Jirectly with the metal of the wool, paper, and 
lien the metal is hot, its rapid- , ^ ^ ? 

Ing molecules can hand on sawclust. AH met- 


In this case, the teapot handle is con- 
nected directly with the metal of the 
pot. When the metal is hot, its rapid- 
ly dancing molecules can hand on 
dieir energy to the wire handle, which 
soon gets too hot to hold. In other 
words, the heat of the pot is readily 
conducted to the handle. Even the 
wooden spool around the wire frame 
may not be enough to keep the heat 
from reaching the hand. 


leir^ hoiro hrin oSv; c<,n- 

, the heat of the pot is readily ductors, though 
:ted to the handle. Even the 

n spool around the wire frame l)ttttr 

ot be enough to keep the heat than others, 
from reaching the hand. (ixt 

“Now can you 

tell me, John, why the bathroom floor feels 
so cold to the feel, while the rug on it, though 
just as cold as the floor, feels warm?” 

How Substances Conduct Heat 

“Why,” said John, “1 have always hud 
the idea that the rug was warmer than the 
floor.” 

“No, not at all,” said Mr. Nelson. “Both 
floor and rug arc in the same room and in 
contact with each other. Whatever is the 
temperature of one must be the temperature 
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of the other. Yet you know well enough when the fireplace is not going? The air 
that one feels wanner than the other. Why?” which separates us from the radiator is one of 
‘Ts it because the rug is a poorer conductor the poorest of heat conductors. The rapidly 
of heat than the tile?” dancing molecules of the hot metal cannot 

“Right!” was the reply. “The tile carries and do not transmit their movement through 
heat away from your feet by conduction; so the long line of air molecules between the 
that they feel cold. I'he rug, on the is a poor con- bodies. And yet, as 

contrary, carries awav very little.” ductor of heat, in the you .see, the radiator does heat the 

flame is boiling water 



at the top of the tube. 
At the same time a 
piece of ice, held down 
by a spring, remains 
unmelted at the bot- 
tom. At the right is a 
photograph of some 
crude asbestos, a min- 
eral which is a very 
poor conductor of heat. 



“What’s the poorest ^ 

heat conductor in the ^ 

world?” asked John. 

“If you can think of a 
place wh^‘n* no molecules . ^ 

exist, that place will be 1'“' 

the poorest heat con- ' \ / 

ihiclor, since there will be \ \ / 

nothing to hand on the motion " lallaw 

of the molecules. Ordinarily, 
we call such a ])lace a vacuum. 

However, a ])crfect vacuum is jjjg rods shown in 






air which surrounds us.” 

They went over to the 
radiator and Mr. Nelson 
stood by for a while, puff- 
ing his pipe. Then he blew 
a cloud of smoke across 
the top of the heater. The 
cloud spread quickly, but 
most of it was at once carried 
u[)ward toward the ceiling. A 
stTond pulT, discharged in an- 
other (lirection, .spread more 


hard to maintain on the surface the picture, which is the best rapidly than it rose, ihis dif- 
of (he earth. fcrenee iniprcsscrl John. 

“Next lo a vacuum T should piece of tallow on one end. The “[t secnis,” he said, “as if a 

s.y chS Ik k fc|>oi,c;i l,»L SSt-trStfWS »i«a blowing up >l,o 

conductor. Air si)aces in cloth- venm^nt in your home tebora- radiator.” ^ 
ing and in the walls of houses “Yes, it is a wind,” was the 

help to hold heat in and to keep outside heat reply. “Bring down that jiin wheel I saw 

from getting in. Liquids also are iioor con- in your room to-da)'. Perhaps tliis wind 

ductors. Tn solids, the molecules arc so can turn it.” 


closely packed that they tend to hand on 
their motion from one end of the substance 
to the other.” 

“I think I understand now how heat 
travels by conduction,” said John, “but 
ilidn’t you say there were two other w'ays by 
which heat may travel from one place to 
another?” 

At this point Mr. Nelson asked John to 
look at the radiator at the farther end of the 
room. “How is it,” he said, “that the 
radiator over there can keep us warm even 


Why Hot Air Rises 

When John brought the paper toy, his 
father placed the stick on the radiator. The 
wheel turned continuously, stopping only 
when it was rennn'ed. 

“That radiator certainly causes a steady 
wind upw^irtl,” remarked John. “I suppose 
it is because hot air rises.” 

“So it does,” was the reply; “but why?” 

After some discussion of this, John began 
to sec that several things were hapj^ning. 


.^07 





I’hntn b) AmrrK'itn Umlinlor ('iiiiipuny 

Another method of heat transfer is known as “convec- 
tion.*' The arrows in the picture above show how the 
air, when wanned by the radiator, rises and circulates 
about the room. If you were to mount a pin wheel 

First, the air molecules touching the raclialor 
molecules were taking up the rai)ic{ dance 
by conduction. Secondly, this air expanded 
in volume because it was becoming warmer. 
Thirdly, the exi)aTidcd air was lighter than 
the colder and therefore less expanded air 
about it. Fourthly, this lighter air tioated 
upward toward the ceiling for the same 
reason that a cork floats to the toj) of 'a jar 
of water. Finally, as soon as this air floated 
upward, new air took its place, became warm, 
and floated upward too. 

What Is a Convection Current? 

In this way the hot radiator was resi)on- 
sible for a steady upward stream of air. 

“What happens to all the heated air that 
is being sent toward the ceiling?” asked Mr. 
Nelson. 

“Why,” replied John, “it can’t all stay 
there. There is too much of it. It is pushed 
along by the newdy warmed air coming up 
from the radiator. After a while, there will 
be so much warm air that the cold wdll be 
crowded out.” 

“But you forget that the cold air must 
take the place of the warm air that rises. 
In fact, a circulation is set up. The cold air 


on the radiator, the pin wheej would be turned by the 
upward rush of heated air. The straight arrows point- 
ing downward from the radiator represent the third 
method of heat transfer— namely, “radiation.” 

is pushed toward tlie radiator. Then* it is 
healed, and caused to rise. So long as the 
radiator is liottcr tl)an the air, the air will 
flow' in a currenl— up from the hot point, 
around the room, and along the floor back 
to the hot point again. Such a flow is know n 
as a ‘convection’ current.'' It is the second 
way in wliich heat may travel from one 
[)lace to another.” 

John and liis father now returned to the 
lireplacc, and talked alnjut this new idea of 
convection. John .siwn learned that con- 
vection currents are set up in w'ater as well 
as in air. Warm water rises for the same 
reason that w’arm air rises. ITe w'as told 
that there is a circulation of water in a tea- 
kettle being heated on a stove, and that 
houses are sometimes heated with circulating 
hot water rather than with steam. In this 
case the boiler, pipes, and radiators arc 
completely tilled with water. The furnace 
heats tlic w'atcr in the l^oiler till it exi)ands 
and rises. Cold water tiikcs its place, and 
when heated joins the upward stream. Soon 
the radiators in the rooms ui)stairs are tilled 
w'ith hot water that sends iis warmth into 
the air. 

Many other interesting facts about con- 
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*-4’cction were mentioned by John’s father as 
the conversation continued. Some of them 
John understood at once. Among these was 
tlic fact that the winds which bring changes 
in weather arc really huge convection cur- 
rents in the earth’s atmosphere, resulting 
from imef |ual heating of 
the earth’s surface by 
the sun. Another was | 
the fact that in an ice 
box a reversed convec- 
tion current, caused by 
the cake of ice or cool- 
ing coil, bathed ])lalters 
of food in cold air. But 
there w'ere other facts 
arising in the discussion 
which John did not 
grasj) so well. To these 
he resolved to give 
some further study. lie 
made up his mind to 
visit the cellar of his 
house the »ery next 
day, in order to see fur 
him.s(‘lf how the l)oiler 
caused cold water to .... ... . 


“Evidently, John, you see the j^roblem. 
You will note that the air between the log 
and your face is in no way concerned in 
bringing heat from the log. There might 
even be a vacuum there, and the heat could 
reach you just the same. Has it occurred to 
you that we receive 
heat from the sun, 
ninety-three million 
miles away, across 
space which is certainly 
a vacuum? And you 
surely know that a 
lighted electric larnj) is 
too hot to touch, even 
though the heatefl hla- 
ment is surrounded by 
a vacuum.” 

“Your mentioning 
the sun’s heat makes 
me think that ])erhaps 
W’C receive rays of heal , 
just as WG receive rays 
of light. Is that the 
third method of carr\'- 
ing heat ?” 

“Why, yes! That is 



‘ ‘ I 1 • "The heat which you feel on your face as you sit . ... 

get W'arin and then rise before a fire comes to you, not by conduction or by n e.xacliy. VVC receive 
to the hot water faucets convection, but by radiation. The circular lines are heat by 'radiation. ’ 




to the hot water faucets ““veetton. *>“* by radiation. The circular Unes are heat bv ‘radiat loll. ’ 
lu mi IIUL v>aLi-i iaui.i.i.T meant to indicate heat waves. •' n hi 

u])stairs. Also, he in- ^ radically all hot 

tended to read about the (iulf ' ’’ ’ ^ ' 

.Stream, which, according to his 
father, w'as a huge convection cur- 
rent in the w'aters of the ocean. 

“How about the third method 
of Iransmillingheat?” asked John. 

‘WVell,” rejdicd his father, “jii.st 
look at the glow ing log in the tire- devf)id of molecules of any kind, 

yilace. Are we getting heat from jhis little device, often It is one of ihe strangest facts of 

seen turning in opticians* science, that in ST)ite of our lack 
^ . windows when the sun- ’ i- r ^ 

“Of course, I can feel it on mv shine strikes it, is known of understanding of the nature ol 

face.” ■ “efur'r wn« ’it beijlg tlicsc wiiMS-if they arc Waves - 

“Do you gel it by coiuluclion turned by heat waves from can measure their speed of 
or convection?’ * lighted candle. travel, study their effects upon the 


Practically all hot 
bodies rafliate lieat rays or heat 
wavi‘S, as the scientist calls them. 
WV do not undersland altogether 
what these waves are, but we 
know' that somehow' heat energy 
travels from one ]>laco to another 
through space that is com[)letcly 
devi)id of molecules of anv kind. 


“Let me sec U can’t be hy conduction, 
because air molecules do not hand on their 
motion easily; that is, air is a j)Oor heat 
conductor. It might be by convection, but 
the current of air starting from the log goes 
straight up the chimney and never reaches 
my face. How docs the heat of the log get 
to my face?” 


t ravel , si udy their effects upon t he 
matter that they strike, and control their 
behavior in many ways.’’ 

The Waves the Sun Broadcasts 

“Wliat you say makes me think of a radio 
broadcasting station. The sun is a great 
broadcaster, sending all kinds of waves out 
into space. Some of these waves enter our 
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eyes and we call them light waves. Others 
strike our bodies and we feel them as heat. 
Is that it?” 

^‘Yes, that is about it. And the sun is 
broadcasting many other kinds of waves 
which our bodies neither see nor feel be- 
cause we have no senses with which to re- 
ceive them.” 

Mr. Nelson thought it wise at this point 
to conclude the conversation with his son 
and send him to bed; but in doing so, he 
promised to perform an interesting heat ex- 
periment some time soon. 

The chance for the experiment came a 
day or two later. I^Ir. Nelson asked the 
boy to come to the kitchen, where he took 
a thermos bottle from the shelf and filled it 
with hot water. At the same time he filled 
an ordinary milk bottle with water equally 
hot. 

The Inside of a Thermos Bottle 

“Let’s leave these bottles alone for a 
while,” said he. 

They returned in about an hour with a 
thermometer. Taking the temperature of 
the water in both bottles, they discovered 
that the water in the milk bottle had lost 
most of its heat, while that in the thermos 
bottle was still quite hot. 

“What is there about a thermos bottle,” 
asked Mr. Nelson, “which prevents the 
heat from escaping so reaflih' as it doc.s from 
an ordinary bottle?” 

“Can we take the thermos ajiart?” asked 
John. 

“Let^s try.” 

Under the careful guidance of Mr. Nelson, 
John unscrewed the cap and took out the 
cork. Pouring out the hot water, he re- 
moved the glass bottle from its metal con- 
tainer. 

“This looks like a double bottle, one in- 
side the other and joined to it at the neck. 
Is there anything between the waUs?” 

“No, nothing except three little wedges 
that keep the inside bottle from swinging 
and thus breaking at the neck. Even the 
air has been removed. You can tell this by 
the peculiar, drawn-out point at the bottom. 
Evidently this point was sealed off in a dame 


after a pump had sucked out the air. If the 
point were broken, air v/ould rush in through 
the opening to fill the space between the 
bottles.” 

“Another thing that seems unusual is the 
fact that the bottle seems to be silvered on 
the inside. Jt looks like a mirror.” 

How the Thermos Works 

“Yes; and I might say that the inside 
bottle is also silvered. You can see this by 
looking into the container part of the double 
vessel. 

“Now, John, can you find a good reason 
for each peculiar feature of the thermos? 
Remember that heat from the hot water 
inside can leave in tlirce ways, by conduction, 
convection, and radiation. Take them one 
at a time and sec if there is some part of the 
bottle which prevents or retards the cscaiic 
of heat.” 

“I can explain how conduction of heat is 
slowed down,” said John. “The hot water 
touches glass and glass is a poor conductor 
of heat.” 

“Very true; but the hot water in the milk 
bottle touched only glass, too.” 

“Well, about convection then — the hot 
water is surrounded b\' a vacuum, f fence 
there can be no convection currents to cany 
heat away.” 

“Fine! Now find a way of jireventing 
radiation.” 

Why We Put Mirrors in a Thermos Bottle 

John fiondcred over this for some lime 
and then realized that he had as yet found 
no purpo.se for the silver mirrors. Mirrors 
reflect light rays. Can they also rellect 
heat rays? That must be it! “The outer 
silvered bottle reflects the heat radiations 
from the hot water back into the water,” he 
exclaimed. 

“Sj)lendid! Now one more thing; why 
should the inside bottle also be silvered?” 

“Perhaps,” said John, “that is to keep out 
heat radiations from the outside which try 
to get in. I know that a thermos can keep 
liquids cold as well as hot.” 

“I’hat tells the whole story,” said Mr. 
Nelson. 
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PHYSICS 


Reading Unit 
No. 16 


BOILING, GONOENSING, MELTING, 
FREEZING 


Note: For basic injormation For statistical and current facts, 

not found on this page, consult consult the Richards Year Book 
the general Index, Vol. 75. Index. 

interesting Pacts Explained 


Solids, liquids, and gases, 1- 403-4 
When do solids melt? x-403 
B<)iling points, i- 403 
Cooking under pressure, 1—404 
Manufacturing liquids from 


gases, 1-406 

How radiators become hot, i— 
406-7 

What cools objects? 1—408-9 
Dry ice, i 409 


P kings to Phink About 


Why does water boil at a lower 
temperature on top of a moun- 
tain than at its foot? 

How may air be liquefied? 


Why does a kettle of liquid air 
boll on a cake of ice? 

How may objt'cts be cooled by 
means of heat? 


Picture Hunt 


How does one blow both warm What happens to the molecules in 
and cold? 1-408 a solid as it changes to a liquid 

How is dry ice made? 1-406 or a gas? 1-403 

Related Material 


How are meats preserved during 
transportation? g— 329 
How are foods preserved while in 
transit? 10 518 
How is electricity used for re- 
frigeration? 1 410, 10 518 
What docs freezing do to the vol- 
ume of water? 1-4^3 
How does conden.sation cause 


rain? 1-244-46,407 
How is the principle of melting 
used in industry? 9-398. 401 
How is the principle of boiling 
applied in steam boilers? 10- 
397 

How do snow and hail form? 
1-249, 251-54 

Where is ice red-hot? i -155 


Practical 

How are foods preserved by boil- 
ing, condensatior., and freez- 
ing? 1—408-10 

Peisure^ti 


pplications 

How has the melting of metals 
affected the course of civiliza- 
tion? 1-407-8 

e A ctivities 


PROJECT NO. t; Show your 
friends that you can make your 
lireath both cold and warm, i- 
408. 

Summary 

Weather prediction, refrigera- 
tion,* and the science of metal 
!urgy all depend upon an under- 


PROJECT NO. 2: On a moun- 
tain climb show your friends that 
water can boil below its usual 
boiling point. 

Statement 

standing of the principles under- 
lying boiling, condensing, melt- 
ing, and freezing. 
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A party of mountain climbers started out from a valley the party reached sea level, where the pressure of the 

1,000 feet below sea level. There are not many such air is about 15 pounds per square inch. There water 

spots on earth, but there are a few. When they tried boiled at the usual temperature of 212*" F. Continu- 

to boil water the first day out, they discovered that ing their climb, they finally reached an elevation of 

it took them a long time, for though they did not 12,000 feet above sea level. The shaft of air pressing 

realize it, upon the surface of the water there was down upon the water in the pot was now a good deal 

resting a shaft of air x,ooo feet longer than at sea shorter in length, and so weighed less. Under an 

level. This added about a half pound per square inch air pressure of about 12 pounds per square inch the 

to the normal air pressure, and water had to be above water boiled at so low a temperature that they found 

the usual boiling point before it would boil. Later *t difficult to boil an egg hard. 
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Raising the temperature of an object causes the mole- 
cules in it to dance faster. In the first picture the 
boy is warming a solid bar of metal by pounding it 
with a hammer. The metal grows hot and the mole- 
cules are r ‘tde to dance faster, but they are still 
so closely patkea that the bar keeps its solid form. 
In the second picture the heat of a torch has been 


applied to the metal and has melted it. When the 
metal is in the liquid state the molecules in it not 
only dance faster but are much farther apart. In 
the third picture the molten metal is being boiled, 
and so is changing to a vapor. Here the dance of 
the molecules is most furious and the distance be- 
tween them is greatest. 


BOILING, CONDENSING, MELTING, FREEZING 

Here We Tell of Some Interesting Things That Happen with the 
Kind of Energy We Call Heat 


ET US imagine a sliip llial (an lra\cl 
anywIuTc in space, and lot us place 
on board a i)arly of travelers belonjij- 
ing to some distant solar system. 'J'hese 
men have come to visit our own solar system 
in order to observe the sun, the earth, and 
the moon. They note at once how different 
in size these bodies are, and especially how 
much hotter one is than the others. They 
arc sure to notice, too, that the sun is entirely 
composed of gases and the moon ol solids, 
but that on the earth there are both gases 
and solids, and liquids besidi’s. We may be 
sure that such observers from space would 
be attracted to the earth in order to lind out 
more about it. They would be intere^ted in 
discovering why gases, liquids, and solids 
can exist side by side and why a jiiece of 
matter changes from one of these states to 
another. 


Vhe longer the jiarty stayed, the more 
.‘^u^el^' would thc\ learn that each change t)f 
state is accomj)anied by a transfer of energy 
from one |)lace to another. They would 
learn that the plants and animals which 
inhabit the earth depend ui>on these changes 
from solid to liquid, lupiid to gas, gas to 
liquid, and liquid back to .«^olid. 

We who live our lives upon the earth, 
seldom realize how' basic these changes are 
to our existence. Perhaps if we viewed the 
changes somewhat as visitors from another 
heavenly body, we might be in a better 
position to understand and appreciate their 
importance. 

The very first thing we must get clear is 
the difference between a solid and a liquid 
and between a liquid and a gas. A solid is a 
tiuantity of matter which under normal 
conditions on the surface of the earth has a 
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definite volume and a definite shape. A 
lump of sugar, a steel girder, a pencil, a coin, 
are all familiar examples. A liquid is a 
quantity of matter which, under normal 
conditions on the surface of the earth, has a 
definite volume but no definite shape. A 
liquid tends to take the shape of the vessel 
which holds it. Thus, a certain quantity of 
milk may take the sliape of a milk bottle, a 
glass, or a pot. A gas is a quantity of matter 
which, under normal conditions on 
the surface of the earth, has 
neither a definite volume nor a 
definite shape. For example, we 
all know that a certain amount of 
illuminating gas, released from a 
jet, fills the room; and if the win- 
dow is open, spreads into the 
whole outdoors. The only reason 
why the gaseous air surrounding 
the earth docs not spread out 
through space is that the gravity 
of the earth prevents its escajx\ 

Recalling the fact that all mat- In a pressu 
ter is composed of molecules escape.** Ti 


heat is added, it increases the amount of 
steam liberated; but it docs not increase the 
sj>eed of the water molecules. Another way 
of siiying this is to say that the temperature 
docs not increase Jifter the boiling point is 
reached. N^ot until all the liquid water is 
gone, does the flame tend to raise the tem- 
perature of the steam above the boiling 
j)oint, or 212® Fahrenheit. 

Now when the water molecules escape, 
they must find place for them- 
selves among trillions of air mole- 
cules. As a matter of fact, the air 
molecules are themselves con- 
stantly pounding down on the 
surface of the liquid. The pres- 
sure which this pounding causes 
restrains somewhat the escajic of 
the water molecules. If the air 
molecules could somehow be swept 
away, th(‘ water molecules would 
leave the liquid much more read- 
ily. This can be .seen if we inclose 
cooker the the vessel containing the water to 
Molecules hoik'd and draw the air out 



Recalling the fact that all mat- In a pressure cooker the the vessel containing the water to 
ter is composed of molecules escape.** The *mole^ ke boiled and draw the air out 
(mbl'e-kiil) in motion, wc may jl' Jirdin^ suction pump. When this 

say also that in solids the mole- somewhat^^e b?iling*ol is done, the w^ater boils with ex- 

cules are most closely packed to- of new molecules. This ireme readiness. As a vacuum is 
, 1 M • ' * 1 results in a raising of the 1 , • t , 

gether, while in gases they are temperature at which the approached in the .space above 

most wddelv snreail anarl. Fiir- • liquid boils. water, the bnillncr temneraf iim 


most wddely spread apart. Fur- uqma 

thermore, molecular movement is much 
freer in gases than in liquids and freer in 
liquids than in solids. Let us recall, too, 
that raising the temperature of a body causes 
its molecules to move faster. 

The Action of Heat on Water Molecules 

If we wish liquid water to change into 
gaseous water — that is, into steam — we add 
heat to the water. How does this added 
energy operate? First, the water molecules 
are made to move faster. Second, the more 
rapid motion results in a greater number of 
collisions among the molecules. Third, these 
collisions near the surface cause some of the 
molecules to be kicked off from the liquid 
into the air above. As more heat is added, 
more molecules tend to leave the liquid. 
Finally, when the l)oiling temperature is 
reached, large groups of molecules separate 
in the liquid, float to the top as bubbles of 
steam, and escape into the air. If still more 


Doiis. whaler, the boiling tcmi)erat urc 

may drop as low as 100®* or less, instead of 
the normal 212®. Tn fact, w^e should not 
forget that the boiling lemj)eratnre of w\atcr 
is 212® only when the air i)ressurc is normal; 
that is, about fifteen j)ounds i)er square inch. 
That is why one can hardly cook food at the 
top of a very tall mountain. The air pres- 
sure at such hciglUs is so low^ that water 
boils too easily. I'he temperature of the 
water is then too low to harden an egg or to 
soften meat. 

Let us return to the water molecules that 
escape from a pot of boiling water. If the 
pot is not tightly covered, the water mole- 
cules shoot out among the air molecules, 
spread into the room, and eventually into 
the whole outdoors. But if the lid is screwed 
down tight upon the pot, as in a pressure 
cooker, the water molecules soon crowd into 
the space above the liquid. As boiling con- 
tinues, available space becomes less. Soon 
the crowded air and water molecules exert 
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This diagram will show you how gaseous air is changed 
to liquid air. A certain amount of ordinary air is 
allowed t'^ enter through the valve at x, after which 
the vaive is stiut. The pump at 2 compresses the air, 
which then passes through the pipe (3) into a vessel 
(4). The vessel is constantly cooled by a circulation 
of cold water. Passing on through the inner pipe 
(5, 6), the air finally escapes rapidly through the fine 
opening at 7. Its rapid expansion cools the air still 
more. Now very cold, it must pass up and around 

a back pressure upon llu* surface of the 
liciuid. It becomes more and more diflicult 
for additional molecules to escape from the 
liquid. This back pressure soon causes boil- 
ing to stop. But heat energy is constantly 
being added by the llame. What happens? 
If tJic vessel is strong enough to withstand 
the strain, and it usually is so in a pressure 
cooker, the boiling temperature goes up. 
Instead of boiling at 212®, the w^ater boils 
at 250° or 300°, and so on. Such high tem- 
peratures are of course vcr>' useful for cook- 
ing quickly foods that are tough and fibrous. 

How Boiling Temperatures Vary 

Other liquids behave as does water, ex- 
cept that their boiling temperatures at 
normal air pressure vary. ^Icrcury retjuires 
a higher temperature to change its state 
and alcohol a lower temperature. The most 
easily boiled- liquid is ether. You may be in- 
terested in trying the following experiment. 
Moisten aspongeinwaterand swab thesponge 
on the back of the hand. Note the sensation 


the pipe (5, 6). As it moves through this pipe, the 
air is cooled still more. Finally the cold air travels 
through 8 to the entrance of the compressor pump at x. 
All this happens over and over again. Eventually, 
when the air reaches a temperature of about —220 F., 
it changes to a liquid and collects in the reservoir 
at 9. The liquid air is drawn off through the valve at 9. 
Surrounding the reservoir and the pipes it contains is 
a heat insulator (xo) which is usually of the vacuum- 
bottle type. 

as the water evaporates. Repeat the ex- 
periment w'ith alcohol, and then with ether. 
The ether dries most quickly and the water 
requires the longest time to evaporate. The 
evaporating ether causes the hand to feel 
colder than docs the alcohol; and the drying 
alcohol cools the hand more than does the 
water. Evidently the heat energy needed 
to change the liquid into a gas is absorbed 
from the hand. The faster the rate of 
evaporation the more rapid is the absorption 
of heat energy. 

How We Manufacture Liquids 

In general, the molecules in a licjuid are 
closer together than they are in a gas. It 
might seem, therefore, that if wre forcibly 
pressed together the molecules of a gas, the 
gas w'ould change to a liquid. This has been 
attempted many times, with powerful com- 
pressing pumps, but with no success. One 
can crowd together all the air molecules in 
a room until they occupy no more space 
than is in a thimble, without producing a 
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liquid form of air. But if we subtract cnougli 
heat from tliis thimbleful of compressed air, 
it changes into a clear walerlike liquid. 
This process of compres- - 
sion with cooling has been 
applied to many gases; g 
so that wc can manufac- 
ture not only liquid air, | ^ 

but liquid oxygen, litiiiid | 

nitrogen, liquid chlo- | O 

rine, liquid hydrogen, | .^B ^ay 

and even liquid helium. | ^ ^B 

Helium is the most dif- 1 throu 

ficult of all gases to | ^B 
change to a liquid. ^ ^B much 

It is strange to think 
of air as a liquid. « n^d 

Stranger still are the ef- heit.^ 

feels which liquid air ^snow. The carbon 

, ^ . then gathered and c 

produces upon objects 


)ugh will grow so cold that its atmosphere wilf 
air, condense into liquid air. By that time, the 
luid. oceans of water will long since liave become 
solid ice; and upon this 
surface, the rain of 
liquid air will fall, form- 
ing rivers and lakes of 
lirpiid Under such 

conditions no kind of life, 

we know life to-dav, 
This will show you how dry ice , , . 

may be made. Liquid carbon C()Uk! exist. 
dioMde, compressed inside a Whether or not such a 
tank, IS allowed to escape . 

through a fine nozzle into a bag. lulure awaits our earth, 
As it is released, the liquid thnf oillv 

turns mto a gas, and so grows • ^ 

much colder. The change from the energy j)oss(‘Ssed bv 

liquid to gas is so rapid that the .1 nmlf-r nti-v; nf -i i r 
temperature drops to almost nioltcUKs 01 air 

H2 degrees below zero Fahren- stands between US and 


heit. At this temperature, car- 
bon dioxide solidifies and falls 
IS snow. The carbon dioxide snowflakes are 
then gathered and compressed into blocks. 


that future. If that en- 
ergy were somehow' taken 
a wav from the air mole- 


which it touches. So mucli heat energy is cules, our gaseous atmosphere w'ould change 
subtracted from air before it li(iiie(ics, that to a liquid. 

it is extremely cold. In order to ai)i)reciatc Some gases change readily into licjuids 
the effects which liquid air produces, let us under certain conditions. When they do, 


see just how cold it is. We they givi‘ uj) a considerable 

all have some idea how colli * ^ 

icc is. Since the tempera- 
ture of ice is and that 
of boiling w’ater i.s 212°, w'e 
can say that normally ice is 
180 Fahrenheit degrees 
colder than boiling water. 

Nowq liquid air is about ^6 
Fahrenheit degrees colder 
than ice. A kettle of liiiuid 
air finds ice so hot, in com- 
parison, that tile air boils 

when ])laced on the ice. \ hut the mvisilile area, where 

rubber ball imnler.^efl in ^ , the real “Jive” steam is, is 

liquid air becomes as hard of ice could be warm enough to make any- scalding hot. Ihis is ex- 

and brittle as glass. 'I'be ‘““e ‘'oil? Yet that is what is happening I,y ihe fact that the 

® here. The kettle contains liquid air, which ^ . 

soft petals of a rose, after a is rapidly boiling away as it receives heat Steam, m condensing, gives 

hath in liquid air, crumble oTfaSujarair^^aiU'the? ga^'*' wm up.‘‘ liirge amount of beat, 
into dust. Lifjuid mercury to a liquid only when it is extremely cold -- It is only in that little half 

is frozen solid by liquefied BjSd“*igtlrt*ona*’cake'of icf^irreceiTOs lhat we have real 



they givi‘ uj) a considerable 
amoimt of heat energy. 
Such a gas is steam. You 
can convince yourself of 
ibis by placing your fingiT 
in a jeU.of steam [louring 
out of a boiling teakettle. 
Note that there is about a 
half-inch S|)ace just outside 
the spout- and before the 
cloud begins- w'here noth- 
ing tan be seen. The cloud 
is only warm to the finger, 
but tlie invisible area, where 
the real “Jive” steam is, is 
scalding hot. This is cx- 


air, so that one may use the enough heat to turn it back to a gas again 
, . .. 1 • that is, to make it boil, 

lump of mercury to drive a 


nail into wood. Soft and juicy grapes turn 
into hard, stonelike pellets. Tin becomes 
brittle and lead elastic. 

'Fhere are scientists who believe that some 
day in the very distant future, our earth 


ack to a gas again steam. Ihe white cloud 
ike it boil. . , ^ 

contains merely w^ater va- 
por — like any other cloud. 

We make use of tlic heat release during 
condensation, in the steam-heating systems 
'if buildings. Live steam rising from the 
boiler in the cellar condenses inside the 
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inclal radiators. In doing so, it releases 
heat energy, which makes the radiators hot. 
I'hus the heat of the furnace changes a liquid 
into a gas, and the gas gives back this heat 
when it changes back into a liquid. 

Mixed wath the molecules of air are always 
many molecules of water. We refer to this 
water as atmospheric moisture and wc can 
measure the amount of such 
moisture in terms of rela- 
tive humidity. Xow, this 
moisture e.xists in a gaseous 
state; and so, if heat energy 
is somehow subtracted from 
it, liquid water may form. 

'rhiis, a sudden lowering of 
temjK'rature causes drop- 
lets of moisture to form in 
the air. Tlien \\v have a 
cloud or big. Often these 
drojilets cohere and become 
too heavy to slay aloft. 

Then we have rain. If it is 
cold ciiuu^;ii, the gaseous 
water may change at once 
into a solid form. Hien we 
have snow. When falling 
rainrlrojis free/e, we get 
sleet or hail. 

1^'or ages man has 
watched the heal of the sun 
change solid ice into licjuid 
water, but the discovery that heat can also 
licpiefy many other solids is comparatively 
recent. JVr]ia])s this was because stones 
seemed to be unafTected in the heat of a 
lire and because wood liurned rather than 
melted. At any rate, it is n(»t so long ago 
in the history of mankind that some curious 
huntsman built a tire around a strange kind 
of stone and watched with amazement as a 
red-hot liquid began to How out from the 
ilames. To him the discovery meant a new' 
and better spear head, h'or us this early 
beginning has led to the varied use of metals, 
so vital in modern civilization. 

The Importance of Melting Solids 

During the. two or three thousand years 
W'hich separate us from that ancient hunts- 
man, many exiierimcntcrs have sought to 
increase our knowledge of solids that melt 


when heat is added. In the so-called Jironze 
Age a mixture of melted metals, coj)per and 
tin, played a great part in the life of men. 
To-day the chemist is devising new ways of 
melting metals and of mi.xing them in dif- 
ferent proportions so as to meet new needs 
and create new prorlucts. There is hardly 
an article made of metal which has not first 
been melted during the 
process of manufacture. 
We must melt metal in 
making automo])iles, build- 
ing structures, bridges, 
trains, ships, machines of 
every des(Tif)ti()n, clocks, 
safes, j)ins, knives, razors, 
telephones, radios, batter- 
ies, jewelry, musical instru 
ments, and thousands of 
other things. 

Nor must we forget the 
importance of melting snow' 
and icc. Absorbing heat 
energy from the sun, the 
.snow' on mountain tops 
melts and Hows dowm in 
streams to j)rovide W'atcr 
for drinking, for irrigation, 
for transjiortation, and 
for power. Sometimes the 
Hood is too great, and then 
it may do great damage. 
'I'he spring Hoods which visit the Mississippi 
Valley an‘ such a menace to life and j)ro])erty 
that our government is spending much 
money to control the llow of melted snow 
and ice. 

The same amount (»f heat energy which Ls 
added ti^ a piece of ice in order to melt it 
must be taken out of the resulting licjuid in 
i>rder to freeze it. Scientists measure heat 
energy in a unit called the ‘^calorie” (krd'o- 
ri). 'I'lnis it reejuires So calorics to melt one 
gram of ice into water. If this water is to 
be changed into ice again, So calories must 
somehow be taken out of the water. 

'fhere arc man>' examples of the solidi- 
ficathm of liquids in tlic wairltl about us. In 
each case, fretving results in a release of 
heat energy by the liquid that freezes; which 
is another way of .‘laying that heat must be 
subtracted from a liquid if it is to change to 




1 Gmm of 
yydicr — > 



In the vessel above is one gram of water — 
about a thimbleful. In raising the tem- 
perature of this water one degree Centi- 
grade, the flame must add one “calorie’* 
of heat energy. If there were a pound of 
water in the vessel and the rise in tem- 
perature were one degree Fahrenheit, the 
flame would add one British Thermal Unit 
(B.T.U.) of heat energy. 
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a solid. We have already mcnlioned the faster; hence the loss of heat by the hand is 
fact that mercury can be frozen by cooling greater. With ether the rate of evaporation 
it in liquid air. We have also discussed is fastest, and so the hand feels coldest. This 
briefly the many modern products arising is the basic idea employed in all refrigerating 
from new ways of melting and mixing metals systems. 

that are then permitted to solidify. The Obviously, if we are to find a way of 
formation of snow, sleet, and hail are also making objects cold, we must find a good 
important examples of solidification. Here, “refrigerant'^; that is, a liquid that will 
the release of heat en- evaporate readily. Yet rapid evaporation 

ergy to the atmos- cannot be the sole reason for selection. There 

phere is so , > arc certain other considerations. The liquid 


noticeable that 

we often re- J 

mark, “How 

much warmer ■ 

it is, now that 

it has begun to 

snow!” 

Up to this 
point, we have been 
adding and subtracting heat, 
without much thought as to 
just how it may be done. It is 
relatively simple to add heat 
energy to a liquid or a solid; 
for we can alwa>^ rely upon 
the sun or a fire. But how 


must not be too costly; it must not be 
poisonous; it must not be cxjflosive. What 
liquid, then, is best of all? 

Before answering this question, let us 
consider another fact. When 
a lifjiiid evaporates, its mole- 
cules escape from a crowded 
condition into a space where 
they arc freer to move. If we 
■.■Y'y-'lL. start with a substance that is 

normally in the ga.scous form, 
and com])re.ss it by means of a 
pump, the molecules exert 
great pressure in trying to es- 
IIIIIK ca|)e from their confinement. 

> If we allow a verv small hole 


docs one take heat away from 
a liquid or a .solid? We cannot 
always depend upon the 
weather; for it often gets 
warmer instead of colder. 
Then how shall we keep food 
cold in summer? How can we 
cool the air in our homes, of- 
fices, and theaters? How can 


Here is a way to blow hot and a 
way to blow cold. When the boy 
blows into the narrow end of his 
trumpet, the lung-warmed air 
simply comes out warm. When 
he blows equally warm air into 
the wide end, the air is somewhat 
compressed, after which it es- 
capes in a rapid stream through 
the narrow end. This rapid ex- 
pansion cools the air. The nar- 
rower the opening, the cooler the 
stream of air. 


through which they might 
Iccive, they rush out furiously. 
In doing s(>, they absorb heat 
energy from their surround- 
ings, just as do the molecules 
of an evaporating li([uid. 

Tf one desires convincing evi- 
dence* that this heat ab,sori)tion 
really takes place, let him hold 


we cool foods and pre.serve them from rapid his hand in the escaping air from an auto- 
decay? These questions have been answered mobile tire. I'hc rapid exit of air molecules 


by the modern system of refrigeration. Let 
us try to understand how this system 
operates. 

The Basis of Refrigeration 

From the experiment of swabbing one's 
hand with water, we have seen that the hand 
is left cold as the liquid evaporates. Heat 
must be added to the liquid before it can 
change to a gas; and this heat comes. from 
the hand. From the point of view of the 
liquid, heat energy is gained; from the jxiint 
of view of the hand, heat energy is lost. If 
alcohol is used, the rate of evaporation is 


into less crowded conditions results in a cool- 
ing effect just as great, and perhaps greater, 
than the cooling that follows the spreading 
of liquid alcohol over the hand. 

Thus the problem of finding a suitable 
refrigerant becomes one of selecting the 
most <lesirable gas to be compressed. Many 
have been tried. Ammonia, carbon dioxide, 
sulphur dioxide, ethyl chloride (^th'Il klo'- 
rld), a recently manufactured gas called di- 
fluoro-dichloro-methane (di-tl6o'o-r6-di-kl6'- 
ro-mCth'an), and even steam have been and 
are employed. Each has its advantages and 
some disadvantages. 
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Dry ice, or “carbice,” as the chemist calls 
it, is a product that is finding new uses 
every day. It is colder than ordinary ice, 
for its temperature is lower by about 102 
Fahrenheit degrees. It docs not weigh so 
much, and does not , 
melt. Instead, dry ice I 
changes di/ectly from ! 
solid to gas. 

The essential steps 
in the manufacture of 
dry ice are as follows: 

First, carbon dioxide 
gas is highly com- 
pressed in a strong 
metal cylinder, which 
is cix)led on the outside 
by a stream of cold 
water. Inside the cyl- 
inder the molecules are 
so crowded together 
that one may assume 
the gas to have turned 
into form. 

Second, a spray nozzle 
leading from the tank 


r 




way, though the machinery for doing so 
may seem rather complicated. The whole 
process has been described in our story of 
refrigeration. 

Not only theaters, but office buildings, 
department stores, 
trains, and homes are 
now being supplied 
with artificial refrigera- 
tion. Scientists and 
engineers refer to this 
development as ‘*air- 
conditioning,” since 
the air is given both a 
desirable temperature 
and a desirable humid- 
ity. The methods em- 
ployed are very similar 
to those described in 
the preceding section; 
although the refriger- 
ant is usually different. 
Ethyl chloride and sul- 
phur dioxide are i)er- 
haps the most fre- 
quently used refriger- 


is opened to let the gas This diagram will show you how a gas refrigerator ants; and the substance 
works. The reservoir at i contains ammonia water. .viiVi Qtr'intrr* n-imr* 
lush out into an in- the lower gas flame is burning, the ammonia tJie Strange na t 

closed chamber. This water rises through the tube to the “generator” (2), quoted before is be- 
• 1 • just *s water rises in a coffee percolator; for the c.,'T^.,Kr 

quick expansion results ^ater inside the inverted funnel grows hotter than Coming increasingly 

in heat absorntion so around the funnel and, expanding, is forced popular. On trains, 

... , ‘ to mount upward by the colder water that pushes r 1 

rapid that the gas itself in at the bottom. The upper gas flame drives off Steam Irom the loco- 

is creatlv cooled It is ammonia gas, which passes into the “condenser” motive exhaust is used 
« . (3). The cold air around the condenser rapidly , 

cooled sufficiently to brings down the temperature of the gas. Then the as the retngcrailt. It 

fnrm colirl gas, now condensed to a liquid, passes into jj, allowed to cxoand 

lorm solid crystals “evaporator” (5), which contains hydrogen gas. ... ^ 

which fall to the bot- In the evaporator the ammonia expands rapidly, rapully into an empty 
. f 1. I especially since its expansion in hvdrogen is greater 

tom of the chamber as ^ ^ould be in air. Wow the rapid expansion of Chcimber. 

carbon dioxide any gas greatly lowers its temperature. It is the In the description of 

, chilling of the gas in the evaporator, therefore, i_* 1. 

snow. Ihird, the which lowers the temperature of the whole refrig- way 111 which an 

“snow’Ms gathered and freezes the water in the ice-cube trays, ice-making plant op- 

snow IS gciLiiereu aim jjje jiy^jrogen and ammon a gases sinks ° ^ 1 

compressed into blocks to the bottom of the evaporator and flows into the eniles, we mentioned 

of so-called “drv ice ” (^)- Pouring into the absorber is an ^ cold-StoragC room 

01 so canto uiy itt. overflow of water from 2. The water absorbs the • • 1 ^ 

Even before the day ammonia that has come from the evaporator, but it where the air is kept 

of the small automatic j2d*flow “ wit” cool by the brine plj^s. 

home refrigerator down into The entire process continues so long Let US assume that this 
more than ninety per «s the g.. is bammg. room is a large one and 


cent of the ice used was made artificially. 
Very little of it was natural ice, cut from 
frozen rivers and lakes, and stored for use 
during the summer months. 

Now an ice-making plant uses a rapidly 
evaporating refrigerant in a very simple 


room is a large one and 
that a powerful fan can sweep its conditioned 
air into ducts or channels leading to the 
theater or to the rooms of a house or office 
building. We should then have, in effect, 
the scheme employ'ed by air-conditioning 
machinery. 
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In an electric refrigerator, seen in many a 
home and described on otlier pages of these 
books, the refrigerant is usually what wc tall 
Freon- 12 gas. An electric motor drives a 
pump that compresses the refrigerant into 
an air-cooled tank. Then rapid exj)ansion or 
evaporatioii takes place in a coil of pipes 
surrounding the ice-cube trays. Not only 
docs the coil freeze the water in the trays, 
but it cools the air in the vicinity. l*he 
cold air falls, and a convection current is 
set up which bathes all ib.e food in the 
stream of cold air. The electric switch 
W'hich controls the motor is adjusted so that 
it automatically starts the motor when the 
circulating air gets too w^arn.. It also stoj)s 
the motor w'hen the air cools to tlie desired 
temperature. The switch is set to operate 
at about 40® Fahrenheit, and it depends for 
its automatic action upon a strip of metal 
known as a compound bar. We have al- 
ready explained, in a i)revious story, how 
the expansion of such a bar, due to heating, 
may be used to operate switches and valves. 

How Water Is Frozen by a Gas Flame 

Then there are gas refrigerators. Many 
people arc quite mystified by this mol hod of 
making things cold. How’ is it po.ssible to 
freeze water by means of a hot gas tlame? 
The mystcr>' disapi^ears when we examine 
the oj)eration step by stej). In order to do 
this, we shall need the helj) of a diagram. 

In the first place, study the diagram care- 
fully and familiarize yourself with all the 
parts. Learn w'here the “Jlame’’ is, the 
“percolator,” the “condenser,” the “evajK)- 
rator,” and the “absorber.” Then, with 
pencil in hand, point to the part under dis- 
cussion as you read the explanation. 

The refrigerant is a water solution of 
ammonia gas, and it is kej)t under some 
pressure in the percolator. The l 1 amc 
operates to transfer some of the refrigerant 
to the genera t(^r. There the heat of the 
flame, which reaches to the generator as 
well as the ixjrcolator, drives off the ammonia 
gas into the condenser. C"old iilr that cir- 
culates around the conden.ser reduces its 
temperature and causes the ammonia gas 
to condense. Escaping through a narrow 


opening into the evaporator, the ammonia 
gas absorbs heat from its surroundings. In 
order to make the evaporation more rapid, 
the absorber contains hydrogen gas instead 
of air. This raj)id evai)oration results, of 
course, in a cooling elTect. Thus, the ab- 
sorber becomes the cooling clement which 
freezes the water in the ice-cube trays and 
starts the convection current of cold air 
around its path through the food compart- 
ments. 

What Becomes of the Gases 

Now the mixture of ammonia and hy- 
drogen gases drops downward and passes 
into the absorlxT. 'rhere water overflowing 
from the generator drips down through the 
absorber and dissolves tlie ammonia gas 
again; but not the hydrogen. 'I'lie latter is 
thus permitted to rise — it is a light gas — ^and 
to pass again into the evai)orator. The 
newly formed water solution of ammonia 
gas finds its way into the ])ercolator once 
more, and the |>rocess continues .so long ns 
the ilame is lighted. 

Here, too, a comj)ound bar acts as an 
automatic switch to shut off the gas w'hen 
the temjieratiirc is low' enough. Tlie sliut- 
off valve, how(‘ver, is ne\er permitted to 
act .so as to shut olT the gas completely. 
'I'here remains always a small pilot light 
which ignite.-^ li e greater flow of gas as it 
is ncedctl. 

The Advantages of Modern Refrigeration 

The modern refrigerator is a great iir- 
provement over the un.sanilar>' u.se of a 
cake of ic(; in an ice box. In the older 
method, food is jflaced near or against a 
substance which has been dragged in dirt, 
handled by many unc lean hands, and hauled 
up a flumbwaiter that also carries the gar- 
bage can. 'riie new' lyjie of automatic ice 
box is cl(‘an, eflicieiit, and convenient. It 
never runs out of ice. It always keeps food 
at a uniform temperature, loo low' to permit 
decay. It jirovides ice at less cost than the 
older and cruder method. 

Living conditions and health in general arc 
being improved by modern methods of 
refrigeration. 
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PHYSICS 


Reading Unit 
No. 17 


WHAT A RAY OF LIGHT GAN DO 


Note: For basic injormation 
not found on this consult 

the general Index, Vol. 75. 

Interesting I^acts Explained 


F or statistical and current facts, 
consult the Richards Year Book 
Index. 


What is the speed of ll^ht? i~ 

413 

How was the Chicaj^o World’s 
Fair opened? i 41.^- 14 
The electric eye, i 414 


Light, a form of energy, 1-414-15 
Radio and light waves, 1-418-19 
Ultra-violet rays, 1-4 19 
Infra-red rays, 1-419 
Color and wave length, 1-419 


'Things to Think About 


length, or frequency, of 
broadcasting station? 

Why may we some day call the 
twentieth century the “Age of 
the I’hoto-electric Cell”? 


How was the speed of light first 
determined? 

What is the difference in wave 
length between radio an<l light 
waves? 

What is meant by the wave 

Picture Hunt 

How may a distant star start a How may a fire be detected with 
motor? 1-414 an electric eye? 1-4^ 5 

Related JMateriiil 


How does light form the colors of 
the grottoes of Capri? 1-87 
How does light affect plants? 
I 87, 2 -46, 223 

How is light energy stored for use 
on the earth? i-,^43-46, 9- 

How is the photo-electric cell 
used in sending jihotographs 


94 

How does the photo-electric cell 
make talking movies possible? 
10-504 

How does television depend on 
the photo-electric cell? 10- 

How is light controlled by lenses? 

1--427. 430-34 


through electric wires? lo- 

I^eisure^time A ctivities 

PROJECT NO. I : W ith the aid graphs, show your friends what 

of several friends, demonstrate 860 kilocycles and other broad- 

the wave theory of light, i 416. casting frequencies mean, 1-418- 
PROJEC T NO. 2 ; By means of 19. 

Su m tnary State ment 

Scientists are still investigating though they still have much to 


the nature of light energy, and 
are undecided as to whether it is 
a series of wave motions, a 
stream of particles, or both But 


find out about it. they have 
learneil to control this form of 
energy for many useful purposes. 
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This is a modem version of the William Tell stonr. 
The actors are a research engineer and Rastus, the 
mechanical man. The experimenter takes aim with 
his bow and arrow, but instead of releasing the arrow, 
he presses a button. A ray of light flashes from the 
arrow, the apple is knocked off Rastus’ head, and 
Rastus sinks back with a very human cry of relief. 
It is all very mysterious until you know how it is done. 


When the experimenter pressed the button, he shot a 
ray from a photocell flashlight, hidden in the arrow, 
at an object near the apple. The object was a photo- 
electric cell which, being sensitive to the light ray, 
released a mechanism that brought about the wonders 
described above. Rastus’ cry of relief came from a 
phonograph which was set going by the photo-electric 
cell. And it was all started by pushing a button I 



i 


Wit^ doctors and medicine men would be very glad operate a series of relays, shutters, and other devices, 

to know how to bring about some of the uncanny These allow a light beam to strike a photo-electric cell, 

effects which the experimenter is producing in the This cell, shown to the right in our picture, causes an 

picture^ above. He has only to talk into a telephone electric current to operate other relays. These, in turn, 

transmitter to start a very complicated mechanism control various colored lights, electric fans that make 

going. The vibrations set in motion by his voice the flag flutter in the breeze, and other devices. 
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WHAT A RAY OF LIGHT CAN DO 



A ray of light fiuin the star Arcturus must travel for of light that launchf»d the spectacular lighting display 
forty years before it reaches us; that is why Arcturus at the opening of the World’s Fair of 1933, had left 
was chosen to be the star whose rays should open Arcturusforty years before —when the Chicago World’s 
Chicago’s Century of Progress Exposition. The rays Fair closed in 1893. 

WHAT a RAY of LIGHT CAN DO 

How a Ray That Started to the Earth Forty Years Ago Can Open 
a World’s Fair for Us Now 


F YOU had been getting ready for 
more than three years for a ecrtaiii 
event and had spent millions of dol- 
lars to make it worth while, you might wisli 
to usher in the occasion with a little cere- 
mony. Perhaps you would ask the President 
of the United States to make a sjK'ech and 
throw a switch that would start ])roceedings. 
If the event were important to the people, the 
President would probably not hesitate to 
do so. 

Put the city of Chicago did not open its 
great World’s Fair of by asking the 
President to push a button. There was, of 
course, no intention of slighting him; rather 
was it the wish of those in charge to select 
a more appropriate method for opening a 
scientific celebration. The World’s Fair of 
1933 called the Century of l*rogrcss 


Kxposiiion. During the preceding hundred 
years ihe \\orl(l had seen no greater progress 
than that in the field of science. 

1 lie fair was opened in a most unusual 
manner. To understand it, one must go 
back in his mind to the year 1893 and 
transport himself out into space for a dis- 
tance of 240 trillion miles. At this vast 
distance from the earth in the direction of 
the constellation known as Bootes, wc find 
the bright star Arcturus. In 1893, a beam 
of light started from this star toward the 
earth. It started at the moment when the 
Chicago World Fair’s of 1893 closed. For 
forty years this beam of light traveled 
through space, covering disUince at the rate 
of about 186,000 miles each second. In 
forty years there are many more than a 
billion seconds. On it traveled, with un- 
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diminished speed and without change in 
direction. 

Finally, after forty years, in the summer 
of 1933 it reached the earth. Its path 
carried it to a telescope mounted on the 
fairgrounds. Entering this instrument, it 
fell upon a device known as a photo-electric 
cell. And the cell re- 


fire breaks out; they o])en and close doors 
for us whenever we wish them to do so and 
when we find it inconvenient to do it for 
ourselves; they sort out packages and help 
to control street traffic; they start venti- 
lators in tunnels when poisonous gases ac- 
cumulate in too great quantity; and they 
make the ‘‘talkici:’^ 


sponded immediately 
by throwing a switch 
which turned on mil- 
lions of lamps. The 
World’s Fair of 1933 
was opened in a blaze 
of light ! A bit of light 
energy sent out from a 
distant star was tnus 
honored, by being per- 
mitted to usher in the 
celebration of a cen- 
tury of scientific 
progress. 

The world of the 
twentieth century is a 
very different place 
from any that has 
been known before. 
A vast number of the 
differences in it are 



possible. There seems 
to be no limit to the 
service which electric 
eyes can render. It 
almost seems as if the 
Iw'enticth century 
might some day be 
called the “Age of the 
Photo-electric Cell,'’ 
just as other periods 
in history have been 
called “The Slone 
Age” and “Tlic Bronze 
Age.” 

Because light en- 
ergy is so remarkable 
in the things it can do 
for man, and because 
its rt‘al nature is still 
so mysterious, the 
scientific celebration 


the results of the vi 


at Chicago in 1033 was 


growth of science. In Here is a motor mn by light rays from distant .tars. iMT'ropriatcly oiK iiitl 
one held of knowledge It took Dr. Cobleatz fifteen years to build. The motor b\' a bit of light energy 
♦k.’o ^.,4. is so sensitive to light that it can measure accurately r' .s , . ' 

this growth stands out the energy coming to it from stars that are hundreds from the star Arc- 

very markcdlv: in the millions of miles away. In one instance this motor turus. In this wav 

£L ^ 1 1. • 1- i." I responded to a quantity of energy so small that it , . ' 

nelu wmicn has to do would have had to be directed steadily at sixty drops the attention of llie 

with energy that trav- world was call.-d to 


els through .space. 


the importance of light 


The sun and the stars shine upon us now' and to the advances in civilization which our 


as they have shone for countless thousands 
of years; but we now understand a little 
better just what is involved in their shining. 
This better understanding has led to the 
“shine” which comes from a radio station or 
from a television broadcast. It has helped 
us to control such things as electric waves, 
heat waves, ultra-violet waves and X rays. 
Further study of the kind of energy w'hich 
travels through space has given us the 
marvelous “electric eye” — a photo-electric 
cell — which has been put to use in so many 
ways. Electric eyes count for us; they stand 
guard tirelessly and give warning when a 


better understanding of it has made ])ossil)le. 

Now' what is light? A simj)le answer 
would be, “Light is a form of energy.” But 
what is energy? To this, the only rejily 
possible is that energy is the ability to do 
work, irence, light becomes one kind of 
ability to do work. Clearly, the answ'cr is 
rather vague and not very helpful to anyone 
who wislics a mental picture of what a beam 
of light is. Just what was it that came from 
Arclurus to open the World’s Fair? Some- 
thing did come. In fact, it took forty years 
to get here, after traversing 240 trillions of 
miles of sfiace. 
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To the left is Dr. Thomas with his mechanical fire- 
watchman. The device on the table is constantly 
swinging up and down and to the right and left. It 
has inside it a photo-electric cell which scans the en- 
tire screen over and over again. When this “electric 
eye** spots one of the flaming wads of cotton which 
the experimenter has placed on the screen, it stops 
and turns on a fire extinguisher— all because the 
photo-electric cell is affected by the flame. When the 


fire is out, the device begins again its endless search 
for more fires. The inventor is shown to the right 
talking into a microphone. As he talks, the vibrations 
of his voice produce tiny electric currents that flow 
into the box at the left. There they cause a streak 
of light to change to a wave form. Every variation of 
his voice, every different sound he utters, shows it- 
self by a wave of different shape in the circle on the 
box hich stands to the left. 


Unfortunate as it may Ijo, scientists hav’c 
never Heen able to j.;et an entirely satis- 
factory mental iiicture of what a beam of 
light is like. The liest they can do is to 
proiKise imaginary pictures and tlien .see 
liovv well the facts about light tit the picture 
they pro])osc. rerhaj)S this is disappointing 
to us; but we shouM bear in mind that even 
an imaginary picture — the scientist calls it 
a ^‘theory” (the'o-ri)- -has its uses. It is 
quite remarkable that when a scientist j)ro- 
jx)scs a theory to c\j)Iain facts which he 
observes, the theory soon leads liim to new- 
facts. These ma>' cause him to change his 
theory; whereupon he is put on the track t>f 
even more interesting facts. The jirocess 
continues until his j)icture becomes better 
and more complete in detail. Xever does 
he arrive at an absolukiy comjilete jiicturc; 
but he is constantl}' learning more about the 
world in which he lives. This is ha]i|)cning 
in the field of electricity, in the lield of 
chemical action, in the lield of living plants 
and animals, in the field of the star®, and 
also in the held of light energy. 

So instead of trying to give a direct an- 
swer to the question, “What is light?’’ let 
us consider some of the pictures which have 
been proposed by men of science to explain 
the facts we can observe about light. 


Sir Isaac Newton believed that light 
energy behaves as if it were a stream of 
l^articles. Accordingly, sunshine is a bom- 
liardment from space of numerous tiny 
pellets. Unalde to say what these pellets 
are, and being in no position to gather up a 
number of them for further examination, 
New ton was compelled to say that the pellets 
were w^Mghtless. In a .sense, this w’as an 
admi.ssion that light particles do not really 
exist. Still, the ihcDry w^as very useful in 
some w’a}’s; for it liel[)ed to explain such 
matters as the rellection of light, the forma- 
tion ol shadows, and light absorption. The 
theory was thereh^re accepted, in si)ite of the 
fact that it a.sks one to believe in pellets that 
have no weight. Not until about 1800 was 
the theory discarde*' m favor of a better one. 

Huygens’ Theory of Light 

As a matter of fact, the Dutch scientist 
Huygens (hi'genz) explained his own very 
dilTcrcnt tlicory of light several years be- 
fore New’ton made his announcement. But 
Newton’s reputation was so great that the 
ideas of Huygens did not l>ecome jwjiular 
for a hundred years. In the end they pnn ed 
to be so much more helpful and reasonable 
that all scientists accepted them. Only very 
recently have some doubts arisen; but even 
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to-day we must rely upon Huygens* theory 
to explain certain facts about light. It is 
therefore necessary to learn something about 
what Huygens had in mind. 

Let us begin by asking the . * 
reader to perform an ex- 
periment. Get six or seven 
pieces of rope, each 
about twenty feet long. 

Give one end of each 
rope to a different per- 
son and ask each of 
your six or seven friends '} > 
to tie the rope securely 

finger. Hold - 
the six or seven remain- 
ing ends yourself. Arrange ' 
the group so that you are 
in the center and your friends 
around you, with the ropes 
fairly taut. In this experi- Dr. Thomas is op« 


quickly travels out from the center of dis- 
turbance to each of the hands holding the 
other ends. Arriving at a hand, the hump 
causes that hand to jerk. If there 
were a million hands holding 
ends, each one would 
' feel the original jerk. F.vi- 
dently, a bit of energy 
thus transmitted 
from one point in space 
. to every other point 

that connected with 
it by means a rope. 
Note that the 

There 

must be .something to 
transmit the energy. After 
^ all, it is a hump which, mov- 
ing along the rope, linally 


around you, with the ropes reaches the receiving jioinl. 

fairly taut. In this experi- Dr. Thomas is operating the “strobo- If there were Sf) many ropes 

e in the center tied to the* cemter that they 

. _ , which glows for only three ten-mil- 

represents a source of light lionths of a second, but the operator filled all space in every direc- 

energy, and those around J^peiriagper M*coSd”’when ftVta eiiirgj in the jerk 

represent places in space is started, the blades move so rapidly would be received cvery- 


represent places in space 

where the energy is received, p^ted on them. However, when Dr. 

Although in this experiment Thomas causes the flashes to occur at Huygens believed that a 
, ® ^ the same rate as the rotation of the r i • i . • . r 

we have only six or seven fan, the blades seem to stand still and source of light is a renter of 

such places, wc may imagine disturhauco, that the cmTg>’ 

dozens, hundreds, even mil- and minutely what is happening to an of this di'^turbance goes out 
lions of additional places, ’in*a minute. ^^***°^ directions, ami that it 

each connected with the mav be received rt vitv dis- 

source by a rope. source of energy. As he jerks his end tant points. Hut Ik id the t 

Now, the energy source of^V”i!?Ve«ch of'the somethinf, must comiecl each 

suddenly gives an up-and- him. This rope experiment, as it is receiving point W'ith the con- 
down Jerk to all the rope ends SSdSSbi“onV fteori*.'? ?? scU ‘>f disturbance, just as in 

which he holds. This jerk entlsts concerning the nature of Ught our experiment W'ith the 


that one cannot distinguish the letters 1 
painted on them. However, when Dr. wnere 


lere m si)ace. 
Huygens believi 


which he holds. This jerk entists concerning the nature of Ught <Mir 
. , . , and the way in which waves travel 

raises a hump m each rope, through the ether of space. T‘>p< 

like the crest of a ^ ih 

wave. The hump ^ Y ‘ 


our exi)criment w'ith the 
rojK's. Hence he assumed 
that all space is filled with 
a substance which he chose 
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to call the ether (c'ther). It is the ether 
which transmits the energy from the center 
of disturbance; that is, from the source of 
light. Just as a hump resembling the crest 
of a wave carries energy along a rope, so 
waves in the ether carry light energy from 
the source out into space. 

From our experiment with the ropes wc 
may recall that the ^ , .. 


of the moons of Jupiter. He finally found the 
speed to be about 186,000 miles a second. 
Since then other scientists have made 
even more elaborate measurements, and 
have found that Roemcr was essentially 
correct. The American scientist, Albert A. 
Michelson, accurately measured the velocity 
of light in his mile-long tube on the outskirts 
of the California 


hump raised by the 
jerk travels rather 
quickly through the 
rojx;. Yet it takes a 
little time for the en- 
ergy to traverse a 
distance of twenty 
feet. Light energy 
traveling through the 
ether also takes a cer- 
tain amount of time. 
'Fo be sure, the speed 
of travel is very fast. 



desert. He found that 
light traveled at a 
speed of 186,284 miles 
a second in a vacuum 
and a trifle more 
slowly in air. Experi- 
ments with radar im- 
pulse.s — which travel 
with the speed of 
light — as they are re- 
flected from the sur- 
face of the moon, 
have verified Michel- 


uavi.1 i;. icu^L. If an airplane could circle the globe at the same speed 
Indeed, it was be- as light travels, the plane would complete seven trips son’s figure. The 
licvc'i .. the begin- around the earth in one second. fastest airplane Could 

ning that light lakes no time at all in going IV sun in about eighteen years, 

from one point to another. Light energy from the sun, however, reaches 


How Galileo Experimented with Light 

Galileo once tried to measure the speed of 
light by jflacing an observer on each of two 


m one second. fastest airplane could 

fly to the sun in about eighteen years. 
Light energy from the sun, however, reaches 
us in about eight minutes. 

Returning once again to our exj)eriment 
with the rope, we recall that the jerk raises 
a hum]) in the rope. A second jerk causes 


mountain toi)s. The distance between ob- 
servers was carefully measured. J^ach was 
given a lamp which he could cover uj) or 
c.\[)ose at will. The first observer flashed 
his light and began to count .seconds. When 
the second observer saw the flash, he im- 
mediately flashed his own light. When this 
was seen by the first observer, the latter 
slopped counting and noted the amount of 
time that had elapsed. In this way Galileo 
had hoped to determine how long it took 
light to travel to and fro across the known 
distance. But the experiment failed utterly; 


another such hump. If the jerking con- 
tinues, the entire rope begins to look like a 
snake. It reminds one of a series of waves. 
The number of wave crests which form de- 
junds u])on many things; but chiefly upon 
how raj)idly one jerks the end of the rope, 
how heavy the rope is and how taut it is 
[)ulled. With a little practice one can learn 
to throw the rope into short waves or long 
waves, just as one wishes. The length of 
the wave is measured from the top i>f one 
crest to the top of the next, or from the 
bottom of one trough to the bottom of the 


the beam of light traveled the entire dis- next. 


tance in less time than was used by the ob- 
server in covering or exposing the lamp. 
CJalileo very wisely concluded that light 
moved too rapidly to be measured in this 
way. .. . 

Ill 1675 a scientist named Roemer (ru'- 
mer) managed to measure the speed of light 
by means of a series of observations of one 


The Helpful Theory of Ether Waves 

Now according to Huygens* theory that 
the ether plays a part like that of the rope, 
wc must think of the ether as being thrown 
into “waves.” Of course such “waves” 
cannot be seen; but we cjin think of the 
ether as behaving in this manner. Since 
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WHAT A RAY OF LIGHT CAN DO 


the ether itself is an imaginary substance, it motion in the ether. The radio might have 
can do no harm to imagine that it assumes come without the other theory; but the fact 
a wave form while transmitting light energy, is that it did come with it. 


Far from doing harm, this mental picture 
is very helpful; for it gives the scientist a 
chance to draw a wave curve on paper and 
to base calculations upon curves so drawn. 
From these calculations the — 
scientist can actually meas- 
ure the length of the ether 
wave when light is trans- 
mitted by the ether. 

As a result wx' are told by 
scientists that the wave 
length of light energ\' may 
vary from about a forty- 
thousandth part of an inch 
to about a sixty-thousandth 
part of an inch. Tn other 
words, the waves of light are 
so small that in every inch of 
ether transmitting light energy 
there are from 40,000 to 00,000 
crests. This is James ( 


In 1864 James Clerk Maxwell, an Fnglish 
scientist, showed that it ought to he possible 
to produce an ether wave which WH^uld not 
be light at all, but something quite dilTerent. 

ft would be difTcrent in only 
one rc.spect; namely, that 
the wave length would be 
very much longer than the 
forty-thousandth of an inch 
w hich is the length of a light 
wave, 'rwenty-four yciir'^ 
later, in 1888, the German 
scientist Ifert/ (herts) found 
a way of ]>r()f hieing such a 
W'ave. 'Fhal w^as the begin- 
ning of radio broadcasting; 
for the ether wave W'hich 
Maxwell predicted and Hertz 
produced was a radio w'ave! It 


— ... — .. was not long licforc Hcrt/ian 

crests. This is James Clerk Maxwell, waves were living produced, 

bometimes the scientist re- and physicist. His mathemati- varying in length from a mile 

fers to wave motion in Ihe ether Sate'^ttat ° here"mu'st* be'^uch to 

in another way. He counts the things as radio waves. Twenty lengths of only an inch or so. 
numl)cr of crests which pass a oSman ^bie "t" 'uni to ..nr favor- 

given point in one second. This to produce and receive radio ite radio station and set llie dial 


he calls the ‘‘frequency” of the 
light energy. In the case of light energy, 
the frequency may vary from about 400 
trillion to about 700 trillion. Such numbers 
are almost unimaginably large; yet instru- 
ments have been devised which lake measure- 
ments that seem to show* these figures to be 
correct. 

The Amazing Discovery of Radio 

We can understand how^ anyone reading 
what has been said about imaginary ether, 
imaginary waves, and figures based upon 
imaginary w-aves, may be doubtful about 
the whole theory. We shoulrl indeed be 
more than doubtful but for the fact that the 
theory' has led us, step by step, to some of 
the greatest achievements of modern science. 

For instance, there is the radio. Snaj> a 
button and music fills the room — music that 
is being played hundreds of miles away, 
but the radio is a direct result of the scien- 
tist’s mental picture of light energy as a wave 


for, let us say, “420 m." What 
d(x*s “420 m.” mean? Simply lliat our fa- 
vorite station is broadcasting on an ether 
w’ave that has a kaiglb of 420 meters. If 
the number ha[)pens to he ‘‘S60 K.C.,” then 
it is the frequency of the ether w'ave rather 
than its length which we are using. “8O0 
K.C.” means 860 kilocycles, or 80o,ooo 
cycles. In such an ether wave, 860,000 
crests go by a given i)oint in one second. 

In a jirevious story we discussed at some 
length three ways in which heat energy may 
travel from one place to another. One of these 
ways was called “radiation.” Heat from a 
fireplace comes to us by radiation, as does 
the heat from the sun. 

Here, too, the theory of ether waves is 
very heljiful; for it regards heat radiation 
as a .scries of waves in the ether. The only 
(lifTercnce between heat waves and light 
waves is t hat heat waves have a greater wave 
length. The longest wave length for light 
is about a forty-thousandth pari of an inch, 
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while a heat wave or radiation has a length long to the short. If ether waxes arc a little 

that is nearer a thirty- thousandth of an greater in length than lho.se of red light, 

Mich. they cannot be seen, d'hev arc called inf ra- 

il w-as quite natural that the discovery of red rays. It hapjiens that most of the 
waves greater in length than those of light infra-re<l rays are felt as heat; but if they are 
should urge scientists to a searcli for waves longer than about one-hundredth of an inch 

shorter than those of light This search has they do not even affect the sense of touch, 

also been success- , One is unaware 


fill. Waves only 
one-inillionlh part 
of an inch in length 
have been found. 
They are called 
“ult ra- violet ray s. ' ’ 
'Fhen the marvel- 
ous X rays were 
shown to be xvaves 
of a length so short 
that more than two 
billion crests can 
fit into iht* space 
of an inch. Kvtii 
sliorter waves have 
been loujid and 


hen^th of radio 
o J 


- Orup ynilo 




- One mile - 


Length of li^ht y\.'a\?a 

^#571^0 inch 


of their existence. 
'The radio receiv- 
ing set, which 
(iin receive these 
longer waves, thus 
Ijecomes an artifi- 
( ial sense that sup- 
])lements the .sen.se 
of sight and of 
touch. 

I n the same way, 
the waves just 
.‘shorter than violet 

carrying ultra- 
\iolet rays - -are in- 
visible. Vet they 


Ll I HUM f • I, J \ L un; Ill- 

been loujid and visible. Vet they 

called ‘‘gamma Radio waves and light waves are very similar. The only dif- are imi)ortant, for 
roirc »» iri./oiK. ii,,. ference is in the wave length. Radio waves are very much lU,... d ; I',-* n I o i o 
ra>s. I mail> longer from crest to crest than light waves are, as you can see 

mysterious cosmic in the diagram above. They may be a mile or more long, plants to grow and 

r*iv < whereas light waves are but I / 40,000 inch. But certain insects ncn-si irv for 

ravs wcie (Uscov- m mnrh cKnrf^r waif ‘‘‘t iKicssar> lor 

ered; and although lengths. If this is so. the world they see must appear very human health. 'I'o 
... . different from our world, with colors in it that we cannot see at all. .1 .1 1, 

scientists are not catch the ultra- 

enlirely agreed as to whether these rays are violet ra\s we make use of cameras and 


really ether waves, many believe that they 
are, and that their wave length is even less 
than a Irillionlh of an inch. 

One reason why man was slow’ to discover 
the very .short and the ver\' long wave 
lengths was that these waves do not affect 
his sense of sight or touch, hthcr wavt's 
which vary in length from about one forty- 
thousandth of an inch to about one .sixty- 
thousandth are receixi'd by the human eye 
as light. 1'liey make seeing possible I here 
is not a very great difference in length be- 
tween a forty-lbousandth part of an inch 
and a sixty-thousandth part of an inch; yet 
the liny variations ]H)ssible between these 
limits account for all the colors of the rain- 
bow. Red light corresponds to the longer 
of the limits and violet light to the shorter 
on(^ Orange, yellow, green, blue, and indigo 
are produced by wave lengths that become 
progressively shorter as one goes from the 


otluT similar iuslrumenls. .\gain, tliese 
instruments become arlilicial senses which 
supplement the meager eiiuijjnicnt that 
natun has giv(*ri us. 

We ought to .sii}' that not all of the.se .‘^hort 
wave lengths are lielplul to mankind In 
fact, some of lliem are rather deadly. Scien- 
tists tell ns that the earth's almosjihere 
absorbs the deadly waves which the sun 
sends out. 

As for the extremely short waves, .such 
as the X rays, gamma rays, and, ])erhaps, 
ilie cosmic rays, they arc certainly not 
visible. Man lias again had to devise in- 
struments for detecting them. All of us arc 
familiar with the remarkable photograj^hs 
which X rays make possible. Gamma raxs 
and cosmic rays arc even more penetrating; 
and, as time goes on, important uses for them 
XV ill surely be found. 

In considering the wide variety of ether 
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l‘huio by Ml. WiIaoi) Olwervatory 

Light rays are affected differently as they pass through 
different substances. At the right above you see the 

waves possible between radio waves — miles 
from crest to crest — and cosmic rays — 
trillionths of an inch in length— one is 
struck by the fact that human seeing and 
feeling are confined to only a very narrow 
range. Man may well be proud of having a 
mind that has found out how to use ether- 
transmitted energy which he cannot see, 
hear, feel, taste, or smell. 

In the light of all these discoveries, can 
one continue to reject the mental picture 
which scientists have constructed of waves 
in the ether? We arc somewhat in the 
position of a person trydng to fit together a 
large picture puzzle. After shuffling and 
sorting the many different pieces, we decide 
that the picture is that of a man on horse- 
back. The notion seems reasonable and we 
proceed to fit together one piece after an- 
other. Pretty soon two-thirds of the pieces 
are in place and bear out our notion that the 
picture is a man on horseback. Yet some of 
the pieces have not yet been placed. In- 
deed, a few are so odd that we see no way 
of using them. What shall we do? Shall we 
discard the notion of a man on horseback? 
We are free to do so. Perhaps a man on a 


sun as it looks when photographed by the light of 
hydrogen. At the left is a direct photograph. 

bicycle would be a better theory. Yet no 
other theory seems to take care of so man}* 
pieces as the one adopted. And so we hold 
fast to this one, trying to modify the picture 
somewhat and hoping that every last piece 
will eventually find its proper fdace. 

Thus it is with our theory of ether waves. 
It does not explain all the facts al)out light, 
but it accounts for most of them. Anyone 
who refuses to accept the theory has a right 
to do so; but such rejection carries with it a 
duty of explaining in some better way the 
behavior of light energy. 

Recently, as a result of the work of men 
like Planck fplank) and Einstein (in'.stin), 
another and perhaps a better theory of light 
has seemed possible. 'I'his theory makes it 
unnece.ssary to assume that such a thing as 
the ether exists. Also, it looks upon light 
energy as a stream of tiny parcels, or 
“quanta,” of energy called “photons” (fo'- 
t6n). Yet the new theory is not entirely 
satisfactory. The solution of the whole 
problem lies in the future. In the meantime, 
we may make the most of the picture which 
shows light as waves of certain lengths in an 
imaginary substance called the ether. 
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Note: For basic injormatwn For statistical and current jacts, 

not found on this page, consult consult the Richards Year Book 
the general Index, VoL 75. Index. 

Interesting Facts Explained 


The path of a beam of light, i- 
423, 427-28 
Mirages, 1-424, 426 
“The Specter of the Brocken,” 

I' 425 

The “Fata Morgana,” r-425 

Things to 

Why do we seem to ourselves to 
be standing as far behind a 
mirror as we are actually 
standing in front of it? 

Why are images inverted by con- 
vex lenses? 


Freak mirrors, 1-426-27, 429 
Transparent and opaque bodies, 
1-427-28 
Lenses, i 432-33 
Dark objects and light energy, 
I 429-30 

Think About 

How were Einstein’s calculations 
as to the [losition of a certain 
star proved to be correct? 

How may ships be seen floating 
in the air? 


Picture Hunt 


How is it wssible to see two air- 
shi[)s in the sky when only one 
is actually there? 1-423 
How may certain shadow effects 

Related 

How does a camera focus images? 
1-436 

How do astronomers photograph 
the stars? i - t88, 190 
How does the eye form images? 

2 295-300, i-43f> 

How did (ialileo’s telescope affect 
the history of civilization? 
13-96-97 

How may distant objects be 
photographed in some detail? 

Practical a 

How are lenses used in cameras? 
1 - 433-34 

Summary 

Light coming from an object 
and entering a human eye usually 
travels in a straight line; but air 
Cbnditions, a mirror, or a lens 
may change this path to make it 


in the water or in the air be 
explained? 1-425 
How is light reflected? 1-428 

Material 

10-452 

Flow has the work of Leeuwen- 
hoek revolutionized the health 
of the world? 10-487-90, 13- 
362 

How is light transmitted by tele- 
vision? 10-125 

How is the measure of distance, 
called a light year, used by as- 
tronomers? I- 1 72 

pplications 

How are pictures projected on a 
screen? 1-434 

Statement 

curved or broken. No matter by 
what path a ray of light enters 
the eye, the eye sees the path as 
a straight line. 
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From the looks of the freak in the mirror one would 
say that the rays of light from the man's head and 
neck strike the mirror where it curves one way while 
the rays from his body strike a different curve. 



PhotiiH by TilliibiirKli i’lntn (ilnw ( 


Our mirrors are getting worse and worse. Here we 
have one so distorted that two men side by side 
are reflected quite differently. One man is almost 
normal; the other is far from normal 1 



Here the mirror must curve in at least three differ- 
ent ways. The middle bulge in the image of tlie 
man is undoubtedly caused by a similar bulge across 
the center of the mirror. 



This absurd-looking man is looking into several 
curved mirrors at once -with the curves running 
smoothly into one another. So he appears to be 
three-headed, like the mythical Cerberus. 
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This is not a picture of two dirigibles. The airship 
at the right is merely the shadow of the other, cast 
by the seeing sun on a bank of clouds or mist. Coupled 
with this phenomenon, one sometimes finds a series 


of faint circular rings or halos behind the shadow. 
The rings are caused by a spreading — the scientist 
calls it “diffraction^* — of the light rays by tiny ice 
crystals in the mist. 


HOW LIGHT BEHAVES 

Every Ray of It Is a Pathway along Which Energy Is Rushing 


\ A ]wvi<His Story \vc tried to ex- 
plain what the scientist thinks liglit 
is. Perhaps we did not succeed be- 
yond making it clear that no one really 
knows what light is; that more than one 
mental picture may be made of light energy 
traveling through space, lie that as it may, 
we deal with an entirely different matter in 
now considering how light acts. 

(well if we cannot give a comi)lete de- 
scri])tion of the nature of light, we can tell 
how it behaves, or devise means for con- 
trolling it and making it serve our purposes. 
In other words, we know a great deal about 
what light does — how it is reflected, how it 
is bent, how it is scattered, what hapjxins 
when it passes through lcn.ses, and so on. 
These are the things we shall study now. 

Let us begin by agreeing upon what wx* 
shall call a ray of light. Whatever light is, 
we know that it travels from one point in 
space to another. Hence there must be a path 
along which the energy travels. 'Fhis path 
is the ray. Sometimes the path is straight, 
sometimes it is crooked or curved. Tt may 


be that the method of travel is by means of 
tin)' waves in an imaginary ether; but that 
has nothing to do with the direction of travel. 
A ray is merely a direction. Although this 
direction lends always to i)0 a straight line 
from point to point in .space, there are many 
thing';, such as air, water, mirrors, and 
leiisev. which l an cause light energy to change 
its jmlh. A bundle of rays tra\ eling in more 
t)r less the .same direction is called a beam of 
light. 

Several boys were once engaged in a healed 
discussion. One claimed that cats can see 
in the dark. Another insisted that they 
cannot, if the place is really dark. The rest 
took .siiies on the question, helping along 
with facts and argument. 

“Why,” said one, ‘‘everj'one knows that 
cats and owls see well enough at night to 
catch their prey. They see pretty sharply, 
too.” 

“Yes,” was the reply, ‘‘but the night is 
never absolutely pitcli-dark. A cat’s eyes 
are more sensitive than human eyes. Cats 
and owls can do more by starlight than most 
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When reys of light pass at an angle from a more 
dsnse into a less dense transparent substance, their 
direction of travel is changed. The sands of the 
desert are hot during the day, and the air next the 
sand is hot and very much expanded. So some of 
the rays of light from a distant tree top must pass 
from cold dense air into warm air of lower density. 
Those rays are therefore bent, as shown by the curved 
line in the picture above. Now the eye of the observer 
receives not only these bent rays but also direct. 


straight ones. The straight rays cause one to see the 
tree in its normal position. The bent rays are seen 
by the eye as a straight line; so another, inverted 
image is seen. Thus the thirsty traveler seems to 
see palm trees reflected in a lake — for the image of 
the sky is inverted, too. This false appearance is 
known as a “mirage*’; it may be met with whenever 
air is heated in such a way that it lies in layers of 
varying density. These layers are labeled a, b, c, and 
d in the picture. The straight rays pass above them. 


humans can in sunshine. But shut up a cat 
and an owl in a dungeon without windows, 
and neither will see the other.” 

Can You See in the Dark? 

“I doubt that very much. I can prove 
you are wrong. Did you ever go into a 
motion-picture theater and find yourself 
practically blind, so far as seeing a seat is 
concerned? Then, after the usher has 
guided you to your place and after your 
eyes have grown used to the darkness, didn’t 
you find that you could see everything more 
plainly? That proves that eyes can get 
used to seeing, even in the dark. A cat is 
just a little better at it than a human being. 
That is all.” 

“There is one flaw in your reasoning. The 
motion-picture theater is not ompletely 
dark. There is light on the screen and there 
are many exit lights. If these lights were 
removed, you could remain there for a month 
without being able to see a finger in front of 
your nose.” 

At this point, one of the group introduced 
this fact: “One can see in the dark if the 


objects are colored white. I can always sec 
white curtains, no matter how dark it is in 
the room. Jt all depends upon the color.” 

“No, I cannot see what color has to do 
with it. If the room is totally dark, all 
objects have the same color; that is, they 
are all black and therefore invisible.” 

And so the discussion continued. Who 
was right? Perhaps the wise thing for the 
boys to do would have been to shut them- 
selves up in a totally dark room and test 
their ideas. Had they done so, they would 
have discovered the truth about their own 
eyes, at any rate. They would have quickly 
found that they can see nothing in total 
darkness. As for cats and owls, there is 
no evidence that they can do better than 
we can in a pitch-dark room. 

When an Object May Be Seen 

We must accept the fact that wc see an 
object only when light from that object 
enters our eyes. Sometimes, when we have 
been using our eyes in a bright light, we do 
not see objects that send us dim light. That 
is what happens when we enter a darkened 
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Germany’s famous **Specter of the Brocken** must 
have struck terror to many a simple mind in the days 
when the:e were no scientists to explain its forbid- 
ding shapes. Standing on the summit of a tall moun- 
tain called the Brocken, with the sun setting at their 
backs, people see gigantic, grotesque shadows dimly 
resembling men. If the people move, these distorted 


shapes move, too. The bank of clouds in front of the 
people acts as a screen upon which the shadows are 
cast. This can happen only when the sun is low on 
^e horizon and when the air is heavy with mist. 
Sometimes in misty weather, magnified images of ships 
wUl appear above the horizon before the ships actually 
appear in sight This is called **iooming.** 







In the Straits of Messina, between Sicily and South- 
ern Italy, ^e Fata- Morgana, a weird mirage, some- 
times distorts the rocks on shore and changes their 
low hulks into lofty towers and pinnacles. Supersti- 
tious sailors believe strange things about this peculiar 
behavior of rays of light; but science explains it very 
nicely by showing that the light is refracted in peculiar 
but understandable ways by the diverse currents of 
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air which are frequently to be found at that place. 
The Fata Morgana got its name from Morgan le Fay, 
a fairy who, in the legend of the Round Table, is 
King Arthur's treacherous and evil-doing sister. The 
lofty towers and pinnacles that appear in the shim- 
mering waters of the Straits of Messina were said to 
be of her making. Some people said that they 
were the castle where the fainr dwelt. 




The air close to the ocean sometimes lies in layers of 
different densities. In the picture above, the topmost 
layer, d, is less dense than the next layer, c; c is 
less dense than b, and so on. Rays of light from a 
distant ship will not only pass directly in a straight 
line to the eyes of the men adrift in the rowboat, 
but also in a curved line, for some of the rays will 

theater from the bright outdoors. After 
our eyes are rested a bit and the j)ui)ils 
have become enlarged to let in what light 
there is, we lind our vision improved. It 
may happen, also, that one objof't sends us 
so much light that we do not see other ob- 
jects near it because the light whicli they 
send out is so much less intcn.se. Thus we 
do not see the stars in the daytime— not 
because they are not shining, but because 
the sun's light is so much stronger. Exclude 
the light of the sun by looking at a star 
through a long pipe and \'ou may find that 
you can sec the starlight evtn by day. 

What Is a Mirage? 

Desert travelers often report seeing strange 
sights. These are called mirages. For ex- 
ample, the traveler sees wliat looks exactly 
like water even where there* is no water 
near. The light rays from the distant sky 
arc refracted up from the desert sands; .so 
the traveler sees the sky as in a mirr^ir, and 
thinks it is shimmering water. The cause 
is the heating of the desert sands by the 
sunshine. Of course, there is also the pos- 
sibility that the traveler is parchecl with 
thirst and that his mind is feveri.sh. In that 


be bent by the layers of air of varying density. The 
result is that the men see another image high up in 
the air. Sometimes the image is magnified and so 
seems to be near at hand — for we usually associate 
large size with nearness. If the layer next the water 
is very dense, the men may not be able to see the 
direct image of the ship at all. 

case, wv are dealing with imagination rather 
than fact, willi an hallucination rather than 
with the illusion created ])y a true mirage. 

How the Path of Light Changes 

Light coming from an object and entering 
a human e\e usually travels in a straight 
line; but air conflitions, a mirror, or a lens 
may change the path to a crooked or a 
broken one. Xo matter what kind of j)atli 
the ray pursues, however, the eye sees the 
object at the end of a straight-line path, 
'riie flirertion of this ]>ath is the direction of 
the ray as it (‘liters the t\v(‘. 

Jl is so nece.ssary to understand this that 
we ask the reader to study the picture we 
have shown b}' way of illustrating it. A 
l)oy set's a baseball. Ih* sees it because light 
from (he ball enters his eyes. But notice 
the jialh which the light pursues. First, a 
lens bends the ray, and then three mirrors 
reflcx l it before it reaches the eye. The 
jiath is therefore bent and broken. Yet the 
eye sees the hall at the end of a straight-line 
path whose total length is the same as the 
broken jjath, and in a direction which is the 
final one that the ray takes when it enters 
the eye. One should note that the boy 
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Einstein concluded from some of his studies that a 
beam of light is attracted by a large mass when the 
li^ht passes quite close to the mass; he even predicted 
the amount of this pull. During a total eclipse of the 
sun, when the moon blots out the sun entirely, as- 
tronom iS ..a«o a good opportunity to measure the 
positions of stars whose rays pass near the sun. In 
the picture above, you see where the star really is and 


where, it seems to be. As its rays pass the sun they 
are bent to one side, but the eye doesn’t know this 
and so the observer seems to see the star at the point 
indicated. Einstein’s advance calculations and the 
astronomers’ actual measurements agreed almost per- 
fectly. This was one of the important proofs of Ein- 
stein’s great theory of relativity, which has given 
scientists a new idea of the nature of matter. 


sevs the hiill in ;i ])lacc* wIkto it really is not. 

Seeing things \vlu‘re they are not, hapjxais 
more often than \\c think, because the air, 
which is always lu'lwcen the thing.s and our 
eyes, tends to make 
the path of rays 
crooked. Forlunalely 
this crookedness is 
not very great, and 
so we sec things in Iv ^ 

])raeticallv the ])Iaces V 

where they reall}' are. | , " • ' 

It is otherwise, how- ■ 

ever, wdien we look at M 

the sun. When a .... . 


, ' f* 1 . 1 r * Study this picture to see if you can see ^at happens 

beam of light Irvnrv to the rays of light coming from the ball. The real ball 


after it has really sunk below’ the horizon. 

Looking down upon the surface of a lake, 
one sees an image of trees on the opposite 
shore or of tlie distant hills. The sky too is 
sometimes visible in 
the lake, which then 
^ takes on a Idiie color. 

Tf tlie wiml is blow ing 
so as 1o cause ripples 
in the water, these 
images are not seen 
clearly, if at all. The 
.surface has to be 
w smooth. Why is this 
so? 

you can see what happens 

vnwi Koll Thi* real hall »* tiell a DC*im Of 


ihn Clin ciriL-fc the ‘s at the left. It sends out a ray of light that is first light strikes a piece of 
the sun stlikcs im. be„t a lens and then reflected by three mirrors be- ° it mav cither 

earth S atmosphere, fore it enters the observer’s eye. Since the obse^er matter, it ma\ ciiner 

' ii.* 1 1 I IlnA fl«A asnfirA hmiren .1 U 


ho- thinks he always sees in a straight line, the entire broken through or bound 

the path is bent be gg^^is to be straightened out for him; this brings . 

fore rcachinCT the eve. the apparent position of the ball to the point indicated iiwa\ . 11 it goes 

^ norVif I- jT A A. 


Since the eye sees the 

entire path as a straight line, the sun ap- 
pears to be ^vhere it is not. Tii this con- 
nection, it is interesting to know’ that we see 
the sun rise before it is really above the 
horizon, and that we sec it for some time 


at the right. through, the matter 


is sjiid to be transparent; if it does not, the 
object is opaque (6-pak'). Sometimes only 
some of the light energy goes through; then 
the object is said to be translucent (trins- 
lu's^nt). In that case the rest of the light 
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is either absorbed or thrown off. Usually surface is rough. That is why one can see 
some is absorbed and some is reflected — no clear image in a lake whose waters are 
that is, thrown off. As a matter of fact, no ripj)led at the surface. The beam of light 
substance is perfectly transparent. Therefore from the trees or the distant hills rebounds 
a beam of light passing through air, water, from the surface of the lake in many different 
or glass, divides into three parts. Part is directions. Very little of the beam is re- 
reJlected from the surface, part is ab.sorbed, fleeted directly to the eye. And so one does 
and part is permitted , not see the reflected 

to go through. A j image, 

beam striking an Glass mirrors are 

opaque sub.stance di- excellent reflectors of 

vides into two parts, j light. Images seen 

that which is re- in mirrors arc clear, 

fleeted from the sur- true, and almost as 

face and that w'hich — - good as the ol)jeris 

is absorbed. The TWs shows the difference between glass, a transparent themselves. On the 
^ , , substance, and wood, an opaque substance, when a beam .... 

amount renected, the of light strikes each at an angle. When the beam strikes other hand, it is im- 
Mmniint glsss, it is divided into two portions; one is reflected, and „„ 

amount absorbed, g; other is mnsmitted but W twice-once upon enter- F'SSlble to SCC an 
and the amount ing the glass and again upon leaving. In the case of wood, image by reflection 

transmitted de|x;nd, from a sheet of paper, 




transmitted depend, 
in all cases, upon the kind 
of object which the light 
strikes and the angle at 
which it strikes. 

Let us consider the light 
that is retleclcd. In which 
direction is such light 
thrown off? The answer 
will be suggested if one 
watches a rubber ball being 
l)ounced on the floor. If 
the ball strikes pcr])endi- 
cularly, it returns exactly 




for the smoothest paper is 
not so smooth as glass, es- 
pecially if the glass is sil- 
vered. A light beam strik- 
ing a sheet of paper is 
scattered in all directions. 
Hi(‘ rays from any object, 
after striking the paper, do 
not keep together. Al- 
though many of these rays 
do reach the eye, they are 
all mixed uj), belonging to 
many objects at once. 
Hence no clear image is 
formed. In speaking of the 


in the direction in which it Hence no clear image is 

was thrown; but if it hits The reflection of a beam of light froj formed. In speaking of the 

the floor at an angle, the surface may be compared to the bouncing light reflected from Daner. 
1 I, 1 , .1 ot s ball off a board. The angle at which ^ 

iiaJl rebounds at an angle, the first boy throws the ball is the same from a smooth wall, or from 

When these angles are “ ” W* *”*“ *'‘* surfaces of the same 


measured, it is found that 
the “angle of strike^' is exactly equal to the 
“angle of rebound.” Now a ray of light 
eucrg>’ behaves in the same way. Here, loo, 
the “angle of strike” equals the “angle of 
rebound.” In the words of the scientist, 
the angle of incidence equals the angle of 
reflection. 

Here is another fact of importance. In 
the case of a bouncing ball, the floor must 
be smooth. Otherwise there is no telling 
where the ball will rebound after being 
thrown. Similarly there is no telling where 
or how a beam of light will rebound if the 


kind, the scientist uses the 
term “diffused light.’’ Kvery object one 
sees sends diffused light to the eye. Other- 
wise objects W'ould be invisible. In order to 
see objects in a mirror, however, the light 
must be reflected as a beam. 

Alost of us have been puzzled at some time 
in our lives by the fjict that as wc walk 
toward a mirror our image seems to ap- 
proach us. Stand in front of a mirror and 
look at your hat. Since >x)u see it, a ray of 
light must come from it to your eye. How 
does it get there? Clearly, a ray from the 
hat travels to the mirror at an angle and re- 
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bounds at an equal angle to your c>'e. Tlie 
ray’s path is therefore a broken one; but the 
eye, as we have learned, sees this path as a 
complete straight line. Straightening out 


I)rescnt different angles to the rays which 
come from the face. Thus the “angle of 
strike” is different for different i)arts of the 
face. Since the “angle of strike” always 


the path, brings the hat to a point some- equals the “angle of rebound,” the latter 


where back of the mirror. At that point 
you see the hat. This is but another ex- 
ample of seeing ob- 

jects where they are 
not. 

Tf you now walk a 
step nearer the 
mirror, you shorten 
the path of the ray 
from hat to mirror. 

'I'his also shortens the 
path from mirror to 



will also be different for different piirts of 
the face. The result is that the images seen 

of different parts of 

the face are in the 
wrong positions with 
respect to one- an- 
other. The face then 
looks distorted and 
funny. 

Curved mirrors arc 
useful in many ways. 
By placing them 


eye. This new path, A man looks at himself in a mirror. The ray of light properly around a 

cxlcnding back of the flec?ed''to* Ws“'eye® b" thi^m ‘‘s'eef the "fire tli single shaft of 

mirror, is not so long, from to eye as a straight line. So the top of the hat light may be thrown 

tr I i. seems to be at a point at the end of the dotted line, r i 't’u* * i 

Hence the hat appears xh® same thing is true of every other part of the hat, forward. This is done 

to be nearer to the s® the man sees an exact image of in each of the two 

. , himself in the mirror. Note also that the image is as . i ^ r 

mirror. I his hajlpens far behind the mirror as the man is in front of it. headlights of an aulo- 


contini, 


as you 


mobile. In a sense, 


move toward the mirror, and explains why lamp shades and reflectors arc curved mir- 


your image comes toward you. 

Procure a sheet of jiliable and jiolished tin 
and look at yourself in it . It jirobahly serves 
as a good mirror, Xow, slowly bring the 
vertical edges toward each other, so as to 
bend the .sheet into a curved semi-evlinder. 


rors. The}' helj) to confine the rays of light to 
a given area. Searchlights direct their power- 
ful liejims by means of curved mirrors; and 
one important type of telescope depends 
entireU^ ujion a curved mirror in gathering 
as much starlight as possible. Whenever 


with the hollow .side toward you. Note curved mirrors are used in the ways described 


what that does to your image, ^'()u become 
as thill as a toothjiick. Release tlie edges, 
and you begin to look more like yourself. 
N’ow, bring together the toj) and bottom 
edges of the slieet. Does that make you 
look short and fat? You may amuse your- 
self, also, by looking into the curved mirror 
when its hollow side is away from you, rather 
than toward you. 

How Curved Mirrors Reflect Light 

What is the exjflanation of the funny 
images which curve<l mirrors produce? If 
one is to see a true image in a mirror, every 
part of one’s body as seen in tlie mirror must 
he in its proj^r place with rc.spcct to every 
other part. It will not do to have one eye 
ten inches from' the other if the real distance 
between them is but three inches. But if 
the mirror is curved, different parts of it 


above, the hollow or concave side of the 
mirn'r alwa\ s faces the source of light. The 
convex side of a mirror spreads rather than 
concentrates a beam of light. 

In a darkened room the objects that stand 
out are those that are light in color. When 
our eyes have become accustomed to the 
darkness, they may see clearly such things 
as while curtains or a bed sheet, while they 
do not see a dark rug or a black chair, excejit 
by contrast with objects that are lighter in 
color. 'Phis is due to the fact that white 
reflects light while black absorbs light. Wc 
arc all familiar with the way in which light- 
colored w\alls brighten up a room. Dark 
walls are an expensive luxury, since they 
require much more electricity for lighting. 
Classrooms are darker than they w'ould be 
without the strip of blackboard around the 
w'alls. 
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What happens to the light energy which 
dark-colored objects absorb? If light is 
energy, we know that it cannot dis;ipi)ear. 
If the energy is not rellccted, then it must 
remain in the object; but in another form. 
'Fhis new form is heal. The molecules of a 
dark object begin to move faster as light 
energy falls upon 
them. Perhaps we 
can now see a good 
reason for wearing 
light-colored cloth- 
ing when the j 
weather is hot. 

Also it should be 
clear why dirty 
snow melts faster 
than clean snow. 

Finally, we can 

nrkw c#-.^ TV It v’ m place a coin at the bot- 

n o w s ( e w n \ a a dish, so that the side 

burning glass fo- of the dish hides the coin from 

.. . . view. Then pour water into 

cused on a ])Urt dish. Soon the coin will 
white piece )f appear, in spite of the fact 
, ^ , that your eye had not changed 

paper does not set from its first position. To 
lire to the paper understand this, you must 
^ / read our story which tells 

so readily as when how rays of light are “re- 

a pencil smudge 
is first prepared 

upon which the light rays may focus. 

Let us now tr\’ an experiment or two. 
Lay a coin at the bottom of a jiot. Shut 
one eye and lower the oi)eri one until the 
side of the j)ot just liides the coin from view. 
Holding this jiosition, let someone else j)our 
water slowly into the vessel. When an inch 
or two of water covers the bottom, the 
coin becomes vi.sible. How can that be, if 
your eye has not moved? 

Why the Coin Can Be Seen 

If you see the coin, then a ray of light must 
travel from coin to eye. 'I'liis ray must 
evidently go first through wnicr and then 
through air. 'J'hc path cannot 1m* in a 
straight line, since a straight li c would be 
blocked by the side of the [Mil, which is 
opaque. I'he path, therefore, is not straight, 
but broken. ray can start from the coin, 
bend as it goes from water into air and then 
travel toward the eye of tJie ob.server. 'Fhis 
explanation proves to be the correct one. 
It helps us to understand why the water 


ajiparently raLses the coin into view. Since 
the e\'c sees in a straight line, the Ijrokcn 
path is straightened out in line with the 
ray that enters the eye. I'he coin is seen 
at the end of this straightened jiath. Clearly, 
the end of the path, where the coin is, must 
be raised. Thus we again see an (object in 

, ri. 1 .x . M ^ where it 

When a beam of light stnkes L 
a lens, the rays are bent to a really IS not. 

point, called the “focus.” Up- qq,.. l.endiinr of 
on that point a good deal of ‘ oenomg or 


point, called the “focus.” Up- qq,.. l.endiinr of 
on that point a good deal of ‘ oenomg or 
light energy is concentrated, rays of light as 
If a ray of light is focused in f..’ 

this way upon a piece of pa- from one 

per, the paper will absorb the I ransjiarcn 1 sub- 
energy in the form of heat , . , 

and may finally begin to burn. into another 

Many a hiker has started a called “refrac- 
camp fire in this way. without ,, 

the use of matches. lion. I here are 

many e.xamples oi 
r(‘fraction in the 

IV'rhaps yt)ii have 
jjPr noticed how a lea- 

^ spoon in a glass of 

■||||||■|■■■||■■■|||■■ m 

face. 'Fhe same is 

w V water or of \our 

arm a.'T it is jiarlly 
immersed in the ballUiib. 'Fr\ing to reach 
for a cake ot so/qi l>'ing at the bottom of the 
tub is sonietbing of a jirobleni, since the soap 
is not where it seems to be. In fact, the whole 
bottom of the tul> seems abnormal!}' rai.sed; 
the water when il is viewed oblifiuely .seems 
shallower than it acliiall}' is. The only 
simjde way of gauging the actual position 
of an object under water is to \iew il p(‘r- 
peiuiicLilarh . In the instamrs jnsl cited, 
rays of liglU bend as they jiass from \\aler 
into air (»r from air into water. 

In the ])revions jiaragraph wi* learned 
that a r.iy change's its <lirettion in passing 
obli([nel} -or at an angle- -from air into 
water or from water into air. Let us now 
follow the path of a ray as it goes from air 
into glass and out again. J-'or this purpose 
a glass jirisni is heljiful. To those who do 
not know what a prism (prf//m) is, we may 
say that it is any jiart of a [liece of glass 
where two plane surfaces meet. Tims, the 
corner of a plate glass is a ])rism; so are the 
glass crystals which dangle from 


some 
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A stick partly immersed in a bowl of water looks bent 
at the surface. Your arm, partly submerged in the 
bath tub, will seem bent, too. This is because rays 
of light are refracted as they pass from water into air. 
In the same way refraction explains why we never 
see th#* 3u.. nh**re it really is, especially at sunrise 
and sunset. The line C, above, shows the actual path 


of a ray traveling to the observer's eye; it is bent by 
the layers of air surrounding the earth. The line A 
shows the path along which the eye seems to see the 
sun. Line B is the line of vision level with the horizon. 
All this explains why we can still see the sun for 
a few seconds after it has really set, and also why 
we can see it before it has risen. 


Oh^<“T})cr 

I 


chandeliers. A prism as used by scicntisls 
is usually a five-sided bar of glass in which 
the two ends are parallel and the remaining 
three sules at an angle to one another. 

If one looks at an object ihnnigh a prism 
held so that the ray.s strike 
one of the jiarallel ends, there 
will be viTy little ililTerence 
from looking through an ordi- 
nary glass window. Hut if one 
tries to .see an object by look- 
ing at it through one of the 
e(»rners, the object cannot be 
readily found. Tn fact, one 
must hunt for it quite care- 
fully; and when it is foiuid, it 
seems to be at a i)oint where 
it certainly is not. 'I'liat is 
shown in our illuslratioii. 

Note where the hall is, and 
the eye. Follow the path of 
the ray from ball to eye. The ray bends 
twice, once upon entering the glass and again 
upon leaving, it. Of course the eye sees the 
entire broken path as a straight line; and so 
the ball appears to be where it is not. From 
this picture we .see that a glass prism bends 


'W/rcA- Ml - 
.‘fft'm.s* to rc 


’Wterr-hil 
actnall'*^ ib 


The diagram above will help you 
understand the picture at the top of 
this page. The ray of light from the 
ball to the eye is bent by the -glass 
prism ; but the eye sees it as a straight 
line. So the ball seems to be at quite 
a different point from the one where 
it actually is. The prism acts much 
as the earth's atmosphere does in 
refracting the rays of the setting sun. 


rays of light toward what is knowm as its base. 

W'e arc ust‘(l to tliinking of lenses as 
round('d i)i(‘ccs of glass, such as the kind we 
find at the (Mid of a llashlight or in spectacles. 
SomcliiiKN the rounded surfaces bulge out- 
wan 1, so that the middle is 
llii(kcr Ilian the edges. In 
other tyjies of lenses the bulge 
is inward, and the middle is 
thert'fore thinner than the 
edges. Scicntisls call the first 
kind convex (kon-veks'), or 
'‘^»ut^\ar^I-l)ulging,” and the 
se('t)nd kind concave (k6n- 
kav'), or “inward-bulging.” 

So many wonderful things 
are accomplished with lenses 
that we ought to know' how 
they affect the paths of light 
beams which strike them. 
Let us begin, then, by point- 
ing out that a lens is made up of many 
prisms. 'Fhat is illusi rated by the pictures 
we show on the next page. In the first, two 
prisms arc placed base to base. Imagine the 
figure as broken up into a greater and greater 
number of smaller prisms, until something 
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very like a rounded lens is formed 
■ -a lens of the outward-bulging, 
or convex, variety. In the 
next picture the prisms are 
placed corner to corner, i 
A great many small ones 
would produce an inward- ( , 
bulging, or concave, lens. 

If two prisms are placed 
base to base, the upper one 
bends rays downward and 
the lower one bends them 
upward. This is exactly 
what the different parts of 


gether at one point. In this case, 
the point is called the “principal 
focus.” The distance be- 
tween the principal focus 
and the center of the lens 
is referred to as the “focal 
distance” of the lens. A 
so-called reading glass or 
burning glass is a convex 
lens. When held in the 
path of the sun’s rays, it 
can bring a sunbeam to 
focus at a point on a sheet 
of paper. The resulting 




a convex lens do, since Rays of light from the candle flame above are concentration of light and 
such a lens may be con- *’*“* ‘’'the'liS'us^SuSitVSfocusT*’’ ^cat may set fire to the 
sidered to be made up of pajxjr. 

two prisms placed base to 
base. Rays starting from 
a candle flame and falling 
upon the surface of a con- 
vex lens are, of course, 
bent by the lens. But 
how? That depends upon 
where they strike on the 
lens. A ray which reaches 
a point at the top of the 
outer rim of the lens, is 
bent downward. Another 
which strikes a point at 
the bottom is bent up- th. .h.™. .h«v« niicd. not h... t. h..., made up of two prisms 



Sidered to be made up oi pajxjr. 

Some lenses focus sun- 
light at a i)oint very close 
to the lens itst^lf. These 
short-focus lenses have 
great curvature; that is, 
they are very outward- 
bulging. The long-focus 
lens is much flatter; its 
middle is not so thick in 
comparison with the outer 
edge. 

Since a concave lens 
may be considered as 

the bottom is bent up- The prinns abov. re plied, not has. to base, "latle up of two prisms 
ward. Rays which strike but point to point. Since the bending is al- placed corner to corner, 

at opposite sides are bent ^Torga— "tTsp^rout! the bending of ray.s takes 

toward each other. The jilace in another manner. 

(-onsider three rays com- 
ing from one point in a 
candle flame and striking 
a concave lens. I'he one 
through the middle jiasses 
through without bending, 
the one which strikes near 
the upper edge bends up- 
ward, and the one striking 
near the lower edge bends 
downward. The result is 
that a concave lens spreads 
out a beam of light. It 

Light trom the sun bring the beam 

travels in a beam of paral- be considered' as made up of prisms plac^ to a focus. In speaking of 
lel rays. If such a beam f*?*”.*" the focus of a concave lens, 

strikes a convex lens, the sidered as made up of prisms placed point to we mean the point from 
rays are again brought to- ‘ which the spre^ng beam 


The priMnsaboy.«repUced, not base to base, 
ward. Rays which strike but point to point. Since the bending is al- 
^sys toward the base, these prisms cause the 
at opposite sides are bent ^ diverge — ^that is, to spread out. 

toward each other. The 
ray through the middle is 
not bent at all. If all these 
rays start from the same 
point on a candle flame, ^ 
they meet at one point 
after passing through the 
lens. A well constructed 
lens will cause the millions ^ 
of rays from any one point 
in the flame to come to- 
gether at one point. This 
point is called the “focus” 

(fo'kiis). 

Light from the sun 
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When an object, such as a candle flame, is placed at 
a point more than twice the focal distance from a con- 
vex lens — that is, more than twice the distance be- 
tween the lens and its focusing point — the image 


formed on a screen is inverted and smaller than the 
object If you will follow the white lines in the dia- 
gram above you will see why this is. The cut shows 
how a convex lens is used in a camera. 



When an object is olaced at a point less than twice 
the focal distance but more than once the focal dis- 
tance from a convex lens, the image formed on a 
screen is inverted and larger than the object. The 


diagram above shows how a convex lens is used in a 
lantern-slide projector or a motion picture projector. 
In this diagram, too, if you will follow the white lines 
you can understand what happens. 


seems to spread. The focal distance is 
measured from this point. 

Light a small candle and stand it on the 
table. At a point on the table about three 
feet away place a large sheet of cardboard. 
Our picture will help you to carry out this 
experiment. If the room is darkened, you 
will see that the candle flame sends out a 
beam of light which spreads out over the 
cardboard screen. The screen diffuses, or 
scatters, the light which it receives. Bear 
in mind the fact that each tiny point of the 
flame is sending out rays to every point on 
the screen. Hence, no clear image of the 
candle can be seen on the screen. 

How the Candle Appears on the Screen 

Now, hold a reading glass — a conve.x ^ens 
— between the candle and the screen and 
nearer to the screen than to the candle. 
Move the lens back and forth a bit until a 
sharply focused image of the flame is ob- 
tained on the screen. Note that the candle 
appears inverted — or upside down — and that 


it is much smaller than the candle itself. 
If the screen were a photographic film, the 
light of the image would affect the chemicals 
in such a way that the film could then be 
developed and j^irintcd to produce a picture 
of the candle flame. Thus we see how a 
convex lens is used in a camera. 

By looking at our picture of this cxj>eri- 
ment you can see how the lens focuses the 
beam of light sent out from each point on 
the candle flame. Moving the lens back 
and forth heljis you to find a position where 
all the focus points fall on the screen. In 
this way, it is possible for the screen to send 
to your eye a set of concentrated beams of 
light, rather than one grand diffused beam; 
and the screen, instead of being generally 
illuminated over its entire area, show^s a 
distinctly outlined image of the object which 
sends out the light. The size of the image 
formed with any one lens depends upon how 
far away the candle is from the screen. This 
explains how a large “close-up^* picture may 
be taken with a camera. The further away 
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one goes with the camera, the smaller will Ix^ 
the picture. 

In the experiment just described, you 
were told to place the lens nearer to the 
screen than to the llame. Rej^eat the ex- 
periment holding the lens closer to the flame. 
Again an image may be focused; but this 
time, it is inverted and larger. The ex]>la- 
nation given before holds in this case, too. 
If, instead of the candle, a glass slide or a 
“movie” film is used, the screen shows an 
enlarged image of the slide or film. The 
size of the image obtained with any lens 
again de])cnds upon the distance between 
object and screen. A careful study of the 
'llustrations for this exiierimmt and the one 
described in the previous paragraph will 
show why the images are always inverted. 
Note that a beam of light issuing from the 
Lop of the candle llame crosses a beam com- 
ing from the bottom of the llame. Hence, 
by the time the beams focus on the screen, 
an image of the top of the llame is at the 
bottom and the one from the bottom is at 
the top. 

We must point out that the lens should 
not be brought too close to the candle. If 
this is done, no image at all can be formed 
on the screen. The limit may be deterniined 
beforehand by measuring the focal distance 


of the lens used. Thus, a lens with a lo-inch 
focal distance should not be brought closer 
than lo inches to the candle. Why is this 
so, and what hapj^ens if one does get too 
close to the object? 

It is rather hard to tell in words just how 
the beiims of light from each i)oint in the 
flame arc bent by a lens held close. The 
point is that the beams s])rcad out after 
passage through the lens. They cannot 
focus on the screen and produce an image. 
But if these out-s[)readiiig beams are re- 
ceived l)y the e\'c, the candle llame is seen 
through the lens. The interesting fact about 
this image is that it is much enlarged. 

When pef)ple use a convex lens as a magni- 
fying glass, they j^lace it close to the object 
to be magnified. How close do they bring 
the lens? That depends upon the focal 
distance. Placing the object anywhere be- 
tween principal focus and the lens itself 
results in a magnified image. The grcat<‘st 
magnification is obtained when the object 
is just within the focus. I’his use of a con- 
vex lens is the basis of all microscopes. In 
the ver\' expensive and complicated instru- 
ment called the compound microscope, the 
use of a convex lens is combined with that of 
other lenses, in order to obtain still greater 
magnification. 



In any fine binoculars the rays of light from a distant 
object are brought to your eyes by an arrangement of 
prisms and lenses that is very complicated indeed. In 
the pair above, the eye is held to A, but the ray enter- 
ing the eye has first passed through F and then followed 
the complicated paUi indicated by the white line. In 
glasses of this type the focus is adjusted for each eye 
separately. G regulates the distance between the 
eyepieces. 





THE HUMAN EYE AND THE SECRET OF COLOR 





One of the most amazing things in all phasics is the split into these colors irhcn it is fxissetl through a 

fact that the white tight coming from the sun is matte prism the wctigc-shapetl piece of glass shown at the 

up of I'ioUty blur^ green, {/ellou\ o range, ami red right. J tens, properly plncetl, can then gather the 

rays. The picture above shows how a white ray is rays together again into a white ray. 



W hen U'hite light falls on a red object, all the folfws sieve of a size to holtf only the red ones At the 

in the white ray are ahsorl^'tl exei pi the ml lays, right above, blue gbi'ts. a Inch absttrbs ritl rays, is 

uhieh are reflrrteil to the lye. It is much like what placed In tween a led hat ami a mnror. The hat in 

would happen if niarblts of all colors were pul tn a the mirror is hlaclJ 



All the colors we see can be jyrodiiced by comhininq In mixing pigments- -surh as paird — the thrte pri- 
three primary eottns: in light, these are red, grein, mary colors uhieh jiroduee the rist are blio -giu u, 
amt violet-blue. Jletl and green rays make yellow: oar pie, and yellow. I*nrplr and hlne-grei n make 
green and violet-blue make hlne-green; vioht-hlne violet-blue, purple and yellow make red: blue-green 
and red make purplf .M! three colors rnokf irhite and yvltow make grer n. All three cotniv make black. 




PHYSICS 


Reading Unit 
No. 19 


WHEN A RAY OF EIGHT FALLS ON 
YOUR EYE 


Note: For basic information 
not found on this paf^e, consult 
the general Index, Vol. 75. 


For statistical and current facts, 
consult the Richards Year Book 
Index. 


Interesting Facts Fx plained 


The camera, 1-436 
The eye, i -436-37 
Xearsifi;htcc]ness and farsighted- 
ness, I 437-.S8 
Astigmatism, 1-438 


Mixing colors, 1-43Q-41 
The st>ectroscope, i 440 
Camoiillage, i 440 
Why snow is white, 1-439-40 


Things to 

How' can white light he separated 
into colors? 

How can light of many colors be 
combined to form white light? 
How do convex and concave 


Think A bout 

liTises correct defects in the 
eye? 

Why can we say that the camera 
is like the eye? How is it dif- 
ferent? 


Picture Hunt 

What are the parts of a camera? What are the parts of the eye? 
1-436 1-436 

Related Material 


How is the eye protected? 2- 347 
How docs the eye see color? 2- 
298 

What gives the eye its color? 
1-437 

How may photographs be sent 
by wire? 10 94-99 
Are phologra]ihy and painting 


rivals? ii 330 

How are trick photographs pro- 
duced? 10-447. 449 

How are pictures printed in news- 
papers and in magazines? to - 
67-S I 

How tloes the eye make motion 
pictures possible? 1-437 


Practical A ppliciitions 

How do oculists correct vision? How docs a camera take pic- 
1-437-38 tures.-' 1-436 

eisure^rim e A cti zd ties 


PROJECT XO. I ; Examine and 
learn the use of each pari of your 
camera, i -436. 

S u m mary 

The human eye has many 
structures similar to the parts of 
the camera. The lens of the eye 
is like the lens of the camera; the 
retina of the eye is like the pho- 


PROJEC r XO. 2 : Make a color 
wheel, I -439. 

Statement 

tographic film in the camera; and 
the iris is like the diaphragm in 
the camera. But the lifeless 
camera lacks many of the delicate 
adjustments of the eye. 




THE HUMAN EYE AND THE SECRET OF COLOR 



ASr'" Ke. 


Shutter control-* 

Photo by M. Annstrooe Roberu 


Each important part of the eye 
corresponds to an important 
part of a camera. The lens of 
the eye is like the lens of the 
camera; the retina of the eye 
is like the photographic film; and the iris is like the diaphragm in the camera. 
Of course the camera, being a lifeless, mechanical device, lacks many of the 
delicate adjustments that an eye possesses. 


WHEN a RAY of LIGHT FALLS on YOUR EYE 

Suppose You Saw a Red Dress in a Blue Light, What 
Color Would It Be? 


HERE is a story about a group of 
blind ixjople who lived hidden away 
from the rest of the world on a se- 
cluded and unknown mountain. Here they 
managed to pass a happy life, carrying on 
from day to day in a manner strange enough 
to us but satisfactor}’’ to them. Into their 
midst there wandered a man w'ho could see. 
What a task he had to tell these people'what 
he meant by seeing — by such words as light 
and color! Having no eyes, they could not 
have the faintest notion of a color or of light 
If our eyes show us the light that shines 
over the earth and clothes it in so many 
colors, we may well talk a while about those 
two precious window's in our heads. 

Most of us have used a camera for taking 
pictures. If so, we are probably familiar 
with its parts. First in importance is the 
lens — a convex lens that serves to focus the 
image of an object on a screen. The screen 
or film is the second necessary item in a 
camera. Usually it is a piece of celluloid 
coated with gelatin containing a chemical 
that is sensitive to light energy. The film 
and lens are inclosed in a light-tight box, 
part of which is a bellows that allows the lens 
to move back and forth for focusing. Then 


there is a diaphragm w'hich controls the lens 
opening. I'inally, there is a shutter mecha- 
nism which lets us open the lens for as short 
a time as a single hundredth of a second oi 
for as much longer as w'e may wish. 

The human eye has many structures simi- 
lar to those of the camera! I’hc eye also has 
a convex lens. It is not made of glass, but 
of a transparent fluid contained in a thin 
but tough sac. Here, too, the i)urposc of 
the lens is to focus an image on the screen, 
but the screen is not a chemically coated 
piece of celluloid. It is a netwH)rk of nerve 
fibers, called the retina (rCt'T-na), which 
connect through a main nerve channel with 
the brain. The socket containing the lens 
and the retina plays the part of the light- 
tight box in a camera. There is, of course, 
no extending I>ellows; for focusing is ac- 
complished in another way. We do not 
move the lens in and out of its socket. In- 
stead, wc have certain muscles to change 
the curvature of the lens. This allows us 
to focus it. 

The eye also has a diaphragm controlling 
the lens opening. It is called the iris, and 
it consists of a ring of colored muscle. When 
the ring contracts, we say the pupil is nar- 



4^6 



THE HUMAN EYE AND THE SECRET OF COLOR 


rowed; when the ring expands, we say the 
pupil is distended. Incidentally, it is the 
iris which gives the eye its color. The pur- 
pose of the iris is the same as that of the 
diaphragm in a camera. When an object is 
illuminated too intensely, the iris auto- 
matically contracts to shut out some of the 
light. When there is too little light, the 
iris expands to let in all the light it can. Wc 
never feel the iris doing these things, though 
it takes some little time to do them. That 
is why we need a few minutes to get used to 
darkness or to very bright light. It may be 
that the reason why cats and owls see better 
in the dark than we do is that the iris in the 
eyes of these animals can open more wddely 
and more quickly. 

How the Eye Differs from a Camera 

In some respects the eye is difTcrent from 
a camera. We have already mentioned the 
different method used in focusing. Another 
difference is that a camera needs a ^Tinder^’ 
to l(Katc its object. Of course eye pictures 
are not so permanent as camera pictures 
tliat have been developed and j)rinted. '^’'et 
the retina retains an image for about one- 
sixteenth of a second, no matter how short 
the exposure may be. Since we cannot re- 
j)lacc the retina as we do a roll of lllms, the 
images on it must not remain forever. But 
the fact that images are retained for a short 
time is very important. Upon this fact 
depends the j)ossiblity of motion pictures. 
If we flash sixteen pictures a second, showing 
the progressive stages of a moving object, 
we produce an illusion on the retina which 
the brain interprets as a moving object. 

Finally, the eye differs from the camera 
in that it sees images in color. The ordinary 
camera takes a picture in black and white 
only. 

The Causes of Eye Trouble 

Any defect or damage to the muscles, 
fluids, or nerves of the eye will have an 
effect upon our vision. A most serious de- 
fect, resulting perhaps in total blindness, is 
a damaged .retina. Just as pictures cannot 
be taken without a film in the camera, so 
nothing can be seen without the retina. One 
may go blind, also, if the fluid in the lens 


loses its transparency and turns into an 
opaque crystal. In this case, no light can 
enter the eye, and of course vision is im- 
possible. 

Most eye troubles however, are due to 
poor muscular control of the lens or to a 
permanent curvature of the lens or cornea 
(kor'n^-a) which the muscles cannot cor- 
rect, or to a poorly shaped eyeball. If vision 
is to be perfect, the lens must focus images 
sharply on the retina. This is done by 
muscular action, tending to change the 
curvature of the lens. If the eye muscles 
are in poor condition and do not respond 
well, the lens may focus an image either in 
front of the retina or behind it. In the first 
case, the person is said lo be nearsighted; in 
the seconrl, farsighted. Often the mucjles 
may be in good condition but the cornea itself 
may be so outward-bulging, or convex, 
that the muscles ciinnot flatten the lens 
enough to bring distant objects to a focus. 
Sometimes a case of nearsightedness comes 
neither from muscular deficiency nor from 
e.xcessive lens convexity; but rather from an 
elongated eyeball. In that case the retina 
is so far removed from the lens that the 
image must fall in front of the retina. Far- 
sightedness comes from conditions which are 
exactly the opposite of those just described, 
'fhe eye lens or cornea may be too flat, or 
the eyeball may be too much fore-shortened. 

When We Need Eyeglasses 

What arc the remedies? In a case of poor 
muscular control, one can massiige or ex- 
ercise the eye muscles to bring them back 
to normal functioning. Of course a doctor 
must say just how the eyes shall be exercised. 
Many cases of nearsightedness and far- 
sightedness have thus been cured without 
resorting to eyeglasses. But when the de- 
fect is due to distortions in the eye lens, 
cornea, or eyeball, we must w’ear glasses to 
enjoy good sight. The principle of the 
glasses is rather simple. Since nearsighted- 
ness is due to over-convexity of the lens, an 
eyeglass that is concave in curvature must 
be placed in front of the eye. This will re- 
duce the over-convexity and focus the image 
exactly upon the retina. A farsighted e>x* 
is supplied with a convex eyeglass, which 
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The two upper diagrams show the causes of two dif- is used as an eyeglass for farsightedness. This brings 

ferent kinds of defective vision. When the rays focus the focus back to B, directly on the retina. A near- 

at point A, behind the retina, the eye is “farsighted**; sighted eye requires a concave lens as an eyeglass--' 
when they focus at point C, in front of the retina, the shown at the lower right. Again the focus is brought 
eye is “nearsighted.** In order to correct these defects, back to the retina, at point D. One’s eyes usually 

a convex lens — shown in the lower left-hand diagram- become more and more farsighted as one grows older. 

will increase the convexity and so again produced by the w hilt* liglit coming from the 
focus the image upon the retina. .sun. So are the colors in a sunset, the Colors 

There is still another common eye defect in a fountain playing in the sun, the colors 

called astigmatism (a-stfg'ma-tizhn). In of sea shells, ])carls, insect wings, and of 

tliis trouble the cornea or eye lens is dis- soap bubbles. In every case, sunlight must 

torted along one direction or in some other fall upon the object in cpieslion in order 

peculiar way. In order to remedy the that colors may be seen. It would seem, 
condition, an eyeglass is ground so as to be therefore, that the \\hit(‘ light from the sun 
itself distorted in just the op[)osite way from comprises all these colors in the first place; 
the lens. When placed in front of the eye, and that somehow this white light is se])a- 
it corrects the defect and provides good rated into the varit>us C(>lg,re(l lights, 
vision because the entire image, instead of .Anyone can break white light into colored 
j)art of it, is once more sharply focusetl on lights by holding a glass j^rism in the path 
the retina. of a sunbeam. Newton was among the first 

The colors of the sunset and of the rain- to discover this, and to offer an explanation, 
bow are among the most beautiful sights in He suggested that light does not travel so 
nature. They make us grateful for the fast through glass or water as it does through 
possession of eyes and may well impress us air; and that a ray therefore bends as it 
with the wonders of the mechanism by which enters obliquely from air into glass or into 
wc sec. water. Now', light energies of different wave 

But what is color? We may say that it is lengths are retarded in different degrees in 
a sensation produced when a certain kind of glass or water. Hence the different wave 
light energy is received by the eye. Light lengths arc bent by different amounts; so 
energy is believed to travel tlirough the that when the beam leaves the prism, it is 
ether in the form of weaves. Different wave separated into beams of the different wave 
lengths produce rlifferent color sensations, lengths or colors. If fiiis ‘‘s])cctrum^* of 
Thus, a w'ave length of about one forty- colors separated from a beam of white light 
thousandth of an inch produces red, while a is thrown upon a screen, we can see that the 
w'ave of one sixty-thousandth of an inch violet light is bent most by the prism and 
|)roduces violet. All the other colors are the red light least. 

produced by waves of lengths that fall be- The rainbow is produced by the action of 
iw'een those of red anrl violet. raindrops on the white light of sunshine. 

The colors of the rainbow arc somehow Kach drop acts like a prism in separating 






THE HUMAN EYE AND THE SECRET OF COLOR 


the white light. When the sun is at a certain 
height in the sky and the raindrops arc 
falling through the air at a certain point, the 
rays are bent and spread out into their colors, 
'riie raindrops are constantly .spreading sun- 
light into colors, but only when falling 
through a certain point arc they in a position 
to send the colored light into the eyes of 
anyone on the ground. An aviator may sec 
a rainbow when those below can see none. 
Rainbows arc fairly rare because it is not 
often that sun, raindrops, and eyes are 
all in proper ])osition. 

A prisin scj)arates a beam of 
white light into the colors of 
which it is composed; but a con- 
vex lens, as we have learned, 
can be used to bring a divergent 
beam to a focus. If, therefore, 
a convex lens is held in the path 
of a beam se[)arated by a prism, 
the different colored lights are all 
combined again. The result on the 
screen is a patch of white light where 
a s|)ectrum band of colors would 
otherwise form. 

The mixing of various colored 
l)eams may be studied by quickly 
rotating a disk on which the different colors 
are spread. Changing the amount of one 
or another color changes the color effect 
produced in the eye. Thus by n)ta1ing 
quickly a disk which is one-third red, one- 
third blue, and one-third green, we get a 
sensation of grayish white. The eye cannot 
sec each of the colors separately, for the 
disk is moving too fast. Before the retina 
has lost the impression of the red, the blue 
light has combined with the red; and before 
this combination is gone, the green is also 
added. The three together, if present in 
the right projK)rtion, produce an a])j)roximatc 
white. 



lets, each drop of water reflects all the rays 
which strike it. The eye receives the com- 
bined effect, which is white. Similarly, 
each snow crystal is really a piece of trans- 
parent ice; but each crystal reflects so much 
of the light which falls upon it that the 
combined effect is a diffused white. 

Everything looks rosv through rosc-colorefl 
glas.scs. Jn other words, many different 
colored lights may strike a rose-colored glass, 
but only the rose light will pass through. 
^ 'fhe rest are absorbed. If the glass is 
green, the w^orld looks green; and if 
the glass is blue, the world looks 
])lue. In the theater, a red spot- 
light is produced by covering 
the source of white light wdth a 
.sheet of red gelatin; and .so for 
siH)tlights of othiT c(jlors. Be- 
cause so much of the light strik- 
ing a colored glass is absorber!, 
many peojde wear colored eyegla.sses 
in .summer to reduce the intensity of 
the light. On the beach, where tht 
strong sunlight is reflected to the 


Why Waves Have White Foam 

The frothy wdiite foam which is seen as 
waves break upon the shore, and the white 
appearance of snow, are examples of the 
combining. of different colors. In the case 
of the waves, each water particle is really 
a transparent green. But when the wdnd 
w'hips the water into millions of tiny drop- 


When this three-col- 
ored cardboard disk 
is rapidly spun, one 
can see neither red, 

stead"%hff*colors ‘^1^ flirections, people often 

merge, producing a glas.ses, usually colored a 

grayis w i e. ye]]Q^vish brown. The glassc^s rest 
the eyes by reducing the amount of light 
received. I'Aplorcrs who travel for days 
over snow-w’hile fields of ice under a glaring 
sun also resort to colored glasses to kee]) 
from going “snow-blind.” 

W'y do t>l)jects liave the color that thc\ 
haver' It is not easy to answer this question 
in full, but a part of the reason can be offere«l. 
A retl book is rod because it reflects red light 
to the eyes; a blue book reflects blue; and 
so on. It would seem, therefore, that the 
paints and ]ngments which cover objects 
absori' most of the white light which falls 
upon them. Each kind i^f ]Mgment reflects 
but one set of wave lengths, absorbing all 
the others. 'I'lic color we see is tlie color 
due to tin wave lengths reflected and re- 
ceived by the eyes. 

I'hcn what would be the color of a red 
hat in a blue light? Since blue light is ab- 
sorbed by a re<l object, no light at all can be 
reflected. 'Fhe hat would look black; for 
black is the sejisation that comes from the 
absence t)f all light. The fact that the colors 
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of objects depend upon the kind of light 
that falls upon them is used in many ways. 
It is of great use in the modern theater, 
where costumes and scenic effects pften 
suddenly take on a wholly different appear- 
ance as a result of a change in tlie colors 
thrown on the stage. 

People w'ho try to matcli colors by arti- 
ficial light arc often astounded to find the 
next day that they have bought pieces of 
goods that do not 
match at all. Arti- 
ficial light is usually 
lacking in some of the 
colors; and two dif- 
ferent shades of green 
may look alike under 
an electric light. In 
the white light of sun- 
shine, w’hich contains 
all the colors, the two 
shades of green look 
quite different. That 
is why many shops 
that sell colored gar- 
ments provide a special 
“daylight'* lamp under 
which the customer 
may look at his purchase before deciding to 
pay for it. 

During World War 1 we did everytliing 
we could to keep our ships from being, seen 
by men on submarines. At first the ships 
were painted sea-green, in the hope that this 
would help to merge them into their back- 
ground of ocean water. It was soon found, 
however, that a uniform sea-green color 
made a ship stand out more prominently. 
The explanation lay in the fact that the 
green of ocean water really contains other 
colors than green. Someone then thought 
of painting the ship with irregular splotches 
of different colors and shapes. The colors 
used were approximately those present in 
sea-green water and also those .seen in the 
sky at the horizon. At a distance, it is not 
possible to see each of the colored si)lotches 
separately. The reflected rays were re- 
ceived by the eye as a combination similar 
to the one which comes from the water and 
sky. In this way, the ship was “camou- 
flaged” (k&m'66-flazh') — that is, hidden 


from view by being merged into its back- 
ground. The same method was used in 
camouflaging cannon to make them difficult 
to see from an airplane. 

The retina which receives the images that 
the eye lens produces is a very wonderful 
screen of nerve fibers. Unfortunately we 
do not know so much as we should like to 
know' about the way in which it acts to 
change different light stimuli into color 
sensations in the brain. 
There are, however, 
several theories about 
the way in which the 
retina and brain work 
together to produce 
color vision. One of 
these is that the retina 
responds to only three 
colors of light. These 
are red, green, and 
violet-blue. When 
other colors arc seen, 
it is due to the mixing 
of these three “])ri- 
mary” colors in vari- 
ous proportions. Thus 
the proper amount of 
red light mixed with the proper amount of 
green light produces thq,^ effect of yellow. 
Similarly, rctl light and violet-blue light may, 
when proi>erly combined, give the sensation 
of purple. Green and violet-blue produce 
blue-green. The proper combination of all 
the three primary colors yields white. Some- 
times two colors prt)perly combined give 
the effect of white. They are then called 
complementary colors. 

When Colored Pigments Are Mixed 

Now all the above explanations hold for 
the mixing of light beams of different colors. 
When colored j)igments are mixed, different 
results are obtained. We all know that 
yellow pigment mixed with blue-green pig- 
ment i)roduces green. Similarly, yellow anrl 
purple mix as red. Purple and blue-green 
mix as violet-blue. When blue-green, purple, 
and yellow are combined, the result is black. 
The reason is interesting, and may be learned 
from an examination of any one of the pig- 
ment mixtures. Let us take the combina- 



This instrument, called a spectroscope, is one of 
the most valuable of all the instruments that scien- 
tists use. By means of it we are learning more 
about the secrets of the stars and the mysteries of 
matter. The heart of the instrument is a small tri- 
angular glass prism which stands on the platform 
between the two cylindrical telescopes. 
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lion of blue-green and yellow into green. 
An object covered with blue-green pigment 
reflects only blue light and green light. An 
object covered with yellow light would re- 
flect only yellow; though in practice it 
usually reflects also sonic green light be- 
cause the yellow pigment is impure. If both 
pigments are mixed and spread over a sur- 
face, the yellow absorbs the blue and the 
blue absorbs the yellow. Only green re- 
mains to be reflected, and so the surface 
appears green. When we mix three pig- 
ments, such as green, jiurple, and yellow, all 
the colors. are mutually absorbed, leaving 
nothing to be reflected. The effect is therc- 
Core black. 

The Useful Spectroscope 

Tf a vote were taken among men of science 
to name the instrument which has brought 
the greatest advances in our knowledge of 
the universe, they would undoubtedly select 
tlic one which measures the colors or wave 
length'*? ( ^ ^’ght energy. That instrument is 
called a sjiectroscope (spck'tro-skfif)). 

A simjile form of spectroscope consists of 
a glass pri.sm on a circular platform. Sur- 
rounding it are tw’o or sometimes three 
small telescopes. A beam of ^^hite light 
enters through a narrow slit in the end of 
one of these telescoj)es and falls ujwn the 
])rism. The prism spreads out tlie beam into 
the colors of which it is composed, and the 
spectrum ]iasscs into a second telescope at 
the end of which is the eye of an observer. The 
eye secs a rectangular band of colors, ranging 
from red to violet by gradual changes through 
orange, yellow, green, blue, and indigo, or 
purple. Tf a third telescoi^e is i)rescnt, it 


contains an illuminated scale from which a 
beam of light strikes the j3olished surface of 
the prism and is reflected into the eye tele- 
scope. The eye then sees the band spectrum 
against a measuring scale, and so can identify 
any color by noting its position on the scale. 

If, instead of a beam of white light, we 
permit the light sent out by a heated vapor 
to enter the slit, the eye will see a series of 
vertical colored lines. P2ach line is at a point 
on the scale to which its color belongs. Now 
the remarkable fact is that every one of the 
ninety-tw'o elements of w'hich matter may 
be com{)oscd j)roduces its own peculiar set 
of colored lines. No two elements are alike 
in this respect. Thus, whenever two yellow 
lines, close together, arc seen in a spectro- 
scope, one may be certain that it is the 
incandescent vapor of the element sodium 
(so'df-um) which is sending its light into the 
instiument. By this method an astronomei 
can examine the light from a star and tell 
with some degree of certainty w’hat elements 
exist on that distant body. He may study, 
too, the composition of the sun. 

From small iK'ginnings the spectroscope 
has developed until to-day it is the most 
accurate and most fruitful means for study- 
ing bodies that are too far away for man to 
reach. If \ou liave w^ondered how the tiny 
wave lengths of light can be measured, you 
will find the answer in the spectroscope. It 
is the sjiectroscoiie that furnishes the facts 
upon \vhich many of the modern theories of 
science i^rc based. It is this instrument, too, 
Avhifh provides the means for studying the 
behavior of atoms, molecules, electrons, pro- 
tons, and neutrons -concerning which wre 
shall have more to say later. 



Some such pattern of lines as this 
is what one sees through a spectro- 
scope. But of course fiie band is 
colored, its precise shade or shades 
depending upon the aubstance giv- 
ing off the light. 


441 



PHYSICS 


Reading Unit 
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HOW IS A SOUND MADE? 

Note: For basic injormation For statistical and current facts, 

not found on this pai^c, constdt consult thf Richards Year Book 
the general Index, VoL /j. Index. 

Interesting Facts Explained 
Edison’s first phonograph, 1-443- Echoes, i 446 

45 The ear, i 447 

What carries souml? 1-445 Changing the pitch of musical in- 

How sounding bodies vibrate, i— slrnments, i 44.S-49 

445-46 Tone, I 450 

1,100 feet per second, i- 446 

Things to Think About 

How docs a phonograph repro- wave into a message for the 

duce sound? brain? 

Why iloes not the car hear all How is the spee<l of sound meas- 
vibrations? ured? 

How does the ear change a sound 

Picture Hunt 

What organ is Iniiil without the ments controlled? i 449 

use i>f either pipes or reeds? What are the jiarls ot the ear? 
1-449 1-447 

How is the pitch of wind instru- 

R elated Material 

How do broadcasters imitate How are ships safeguarded by 

sounds? TO— I 19 .sound waves? 10 229 

How may .soiintl be changed into How is .sound reproduced in talk- 
light? 10 504, 506 ing pictures? 10 504, 506 

How does a radio produce sound? How does the ear maintain our 
10 tt 8 sense of balance? 2 2S2-85 

How do insects produce sound? Ih»w may brain injuries affect 
3-292, 337, 345-49, 372 hearing? 2 389 

Priictical A pplications 

How are phonograi»h records How are the .sountls of musical 

made? 1-443-45 strings amplified? i 449 

Eeisure-time A ctiuities 

PROJECT NO. r: A^Iake a on an ordinary piece of pipe, i- 
string telephone, 1-447. 448. 

PROJECT NO. 2: Play a tune 

Summary Statement 

All sounds are produced by 16 times per second and not more 

bodies that are vibrating at least than 40,000 times per second. 
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When the boy shouts “hello** and hears his “hello** like the church of our picture, reflect sound waves, 
come back faintly from the church, he knows that what The oog is not so sure; he looks as if he would like 
he hears is an echo. He knows that large surfaces, to investigate the phenomenon! 


HOW IS a SOUND MADE.> 

Every Noise You Ever Hear Comes from a Single Kind of Action 
in the Thing Producing It — Do You Know What It Is? 


F ^’OU had hocn jircsenl in tiio labora- 
tory of d'homas A. I^dison tin a cer- 
tain hot night in .August, 1-S77, you 
would have seen a strange sight. There was 
the famous inventor, standing near a strange 
instrument; and around him, holding hands 
and dancing in a circle, were a number of 
friends and a.ssistants. Xtnv and then they 
stoj){)ed their excited singing and laughter 
while one of them whistled or .shouted into 
the machine which shared with Kdi.son the 
center of the stage. Then .someone would 
turn a crank on tlic machine as they all 
listened to the faint and wheezy sound that 
it proiluceid. When the sound w as recognizetl 
as that of the penson who had whistled or 
shouted, there was more rejoicing on the 
part of the group. 

As you may guess, they w'ere celebrating 
the latest of Edison’s inventions, which had 
just received its first successful test. The 
phonograph had that day been given to tlic 
world. When the newspapers heard of it, 


their headlines carried the story throughout 
the land. .\t home anrl abroad everyone 
wanted to see and to hear the machine that 
could talk like a human being. Edison was 
coni|'.eMed to buikl four hand-cranked ma- 
chines fi»r exhibition to satisfy the curiosity 
of the crowds that llockcd to see them. If 
wc could now' hear the .sounds produced by 
tho.se first machines, we should jirobably 
turn away in disgust, so harsh and tinny 
were the etTects. Vet the modern phono- 
graph has been perfected from that first 
crude device. 

Of course the machine could not be 
marketed until it was imjiroved. The hand 
cranking sowii gave way to a motor driven 
by a clock sj^ring. The early tinfoil records 
vanished in favor of hard wax cylinders; 
and to make the original records more 
])ermanent, an electrical method was de- 
vised for plating the w ax with metal. Finall> 
a wiiy was found of duplicating the “master” 
record, so that hundreds of cojfics exactl>' 





HOW IS A SOUND MADE? 


like the original could be made for sale to 
phonograph owners. 

An invention often comes by accident — 
but by the kind of “accident” that happens 
to a man of science. That is because the 
scientists know how to pave the wa\’ for it, 
and can sec what it means when it comes. 

That was the case with Edison and his 
phonograph. In the , 

first place, he knew 

that sounds arc pro- 
duced when objects 
vibrate at certain 
speeds. He knew 
that the human voice 
is the result of a 
trembling throat 
muscle which sets the 
air in motion, and 
that the sound of a 
violin comes from a 
string shaking rap- 
idly back and forth. 

Secondly, he was 
aw'are that the slight- 
est change in a sound 
is due to a change in 
the vibration of the 
body that makes the 
sound. In other 
words, the voice of 
one person sounds 
different from that of . tv. 




like the original could be made for sale to short or a long hollow, cut by a sharp tool, 
phonograph owners. By making the tool move over the impres- 

An invention often comes by accident — sions in the paper disk, he was then able to 
but by the kind of “accident” that happens send out the same signals automatically. By 
to a man of science. That is because the accident he rotated the disk rapidly. This 
scientists know how to pave the wa\’ for it, made the tool jump up and down so fast 
and can sec what it means when it comes, that it became a vibrating body and gave 
That was the case with Edison and his out a sound. In a flash, the idea came to the 
phonograph. In the , inventor. Why not 

makc ihc .sound of a 

human voice shake 
the sharp cutting 
tool? If it could do 
so, and if there were 
some substance in 
which tiny indenta- 
tions could be made, 
then the pitted sur- 
face of this substance 
would hold a record 
of the human voice. 
To reproduce the 
sounds, he could 
move a sharj) needle 
over the denied sur- 
face. This w^ould 
force I he needle and 
anything attached to 
it to vibrate like the 
original vocal 
muscles which pro- 

one person sounds duced the sound. 

different from that of Th^ , photograph of Thomas A. Edison as a young 

another because the man. Before him on the table is a model of the first think was to trv- He 


4.. « r phonograph he ever built. Note the cylindrical record- ' l 

two sets of vocal mg drum and the crude way in which it must be cranked. Sketched a rough 


muscles tremble dif- 
ferently when they produce sounds. Fi- 
nally, he knew that if a body is made to 
shake like the vocal muscles when they 
produce human speech, then that body will 
give out sounds that can be heard as human 
speech. If one can force a sticK to vibrate 
like a violin string, the stick will emit the 
same sounds as a violin. 

How the Phonograph Was Invented 

All the science of sound, or acoustics, 
Edison understood. So did many other men. 

He was working with an improved tele- 
graph instrument, trying to makc each click 
of the sounder cut a dent in a moving paper 
disk. Each dot and each dash became a 


plan and asked an as- 
sistant to build a machine. This was .soon 
finished. Wrapping a sheet of tinfoil around 
a metal cylinder and adjusting a sharp 
needle against the metal sheet, Edison 
started the cylinder revolving. Then bend- 
ing forward with his mouth near a horn that 
could carry his voice to the needle, he 
shouted the poem, “Mar>^ had a little lamb.” 
The needle danced with the sound of his 
voice and pricked small dents in a spiral path 
around the tinfoil. Would these dents make 
the needle dance again, if he forced it to 
travel over the path once more? He would 
see. And the needle did dance! In passing 
over the indentations, it shook and quivered 
enough to produce a sound. The horn made 
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Most of the sounds we hear come to us through the us. So if you were watching on the hill in the pic^ 
air; and we have become accustomed to the fact that ture above, you would hear the bell an instant after 
time must elapse before a distant sound can reach you saw the boy begin to ring it 



i'. ... ... . _ 

If you were to put your ear to this steel rail at a point after the boy started ringing it; but you would have 
16,360 feet away from the boy with the bell, you to wait about fifteen seconds for the sound of it to 
would hear the bell through the rail one second reach you through the air. 



Here a deep-sea diver is ringing the bell under water. 
If you were swimming 4,800 feet away, and had one 
ear submerged and the other in the air, you would 

this sound loud enough for all lo hear. The 
curious machine was talking. A small thin 
voice was saying: “Mary ha<l a little lamb.” 

Think of the very different sounds one 
liears: the slamming of a door, the fall of a 
i)ook, the clapping of hands, the rustle of 
silk, the screech of automobile brakes, the 
whistle of a locomotive, the siilash of water, 
the creaking of new shoes, the howl of the 
wind. In every case the sound is j^roduced 
by a body that vibrates. Can you identify 
the body for each of the sounds listed? 

How Sounding Bodies Vibrate 

One can be convinced that sounding bodies 
vibrate. Place your fingers on your throat 
as you talk or hum. Do you feel the wind- 
pij^ tremble? Blow through two strij)s of 
paper held together between your fingers. 
You can see the vibrations of the papers as 
they emit their screech. Strike a tuning 
fork on the table and listen for its sound. 


hear the some sound twice. It would reach you 
through the water a second after the hammer struck, 
and again through the air about 3 seconds later. 

Then grasp the prongs. Do you feel the 
quivering metal? If you push a sounding 
fork into a dish of water, the trembling 
prongs will splash and sjiatter the water in 
all directions. A stretched rubber band 
when plucked gives out a sound. You can 
also see it vibrate back and forth. There is 
a story of a man who j elled so loud that the 
noise dislodged a picture on the wall. His 
vibrating throat muscles caused the picture 
to .shake too much. 

All sounds are the result of vibrating 
bodies; but not all vibrating bodies produce 
sounds. By careful measurement scientists 
have found that an object must shake back 
and forth at least sixteen times a second in 
order to give out a sound that can be heard. 
But when a body shakes so fast that it goes 
back and forth more than forty thousand 
times a second, it ceases to give out a sound 
that human ears can hear. 

We live in an ocean of air, with our feet 
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on the ground. Wc cannot move from place returns the shoul. The echo is ex] 
to place without pushing the air aside, by the fact that the air disturbance 
Every object that shakes or quivers must by your voice travels outward until it ] 
also stir up the air. The newspaper which the hillside. 'Fhcrc it is reflected bad 
rustics noisily as we ojMin it must, in doing its path, and so returns to your ears, 
so, produce puffs of wind, since the paper ing the speed of travel of a sound distu 
vibrates while giv- in air, we ci 

ing out a sound. If 

one could see the ^ 

air in a noisy room, ' ' ^ dista 

it w'ould look like a 

tossing and stormy mountain, tl 

ocean. These air of your voi 

waves have no ef- return in 

feet upon the eye; one second, 

but w' hen they ^ sound can 

reach the ear, they ^ ^ twice 550 f 

are heard as sounds. 1,100 feet, ii 

The fact that air 
is so easily set in 
motion makes hear- 
ing possible. The 
vibrating body 
pushes the air par- 
ticles nearest it and 
these pass on the 
disturbance to 
those next to them. 

In this way the 
push finally reaches 
the air particles 

near your eardrum, • !)all lly out. 

which then vibrates When an explosion takes place on top of the distant hill, the when the ba 


returns the shoul. The echo is explained 
by the fact that the air disturbance caused 
by your voice travels outward until it reaches 
the hillside. 'Fhcrc it is reflected back along 
its path, and so returns to your ears. Know- 
ing the speed of travel of a sound disturbance 
in air, we can pre- 
diet how soon an 
return. 
At a distance of 
550 feet from a 
mountain, the echo 
of your voice will 
return in exactly 
one second, since 
sound can travel 
twice 550 feet, or 
1,100 feet, in a sec- 



I he slowmess of 
sound -travel as 
compared with 
light -travel is very 
clear to anyone 
watching a ball 
game from a seat 
high up in the 
grandstand. As the 
bat meets the ball, 
we hear nothing, 
Ihougli we sec the 
ball lly out. Then, 


. • flash of light reaches the boy’s eye almost instantly; for light 

in a manner simi- travel 186,000 miles in one second. But the sound of i^ead} in the air, wt 

lar to that of the *he explosion takes 10 seconds to reach him. This he finds hear the crack of 

, . , , out by timing the sound's arrival with a watch. Since sound , 1 , , ry,. 

sounding body, waves travel through air at a speed of about 1,100 feet a the bat. 1 he rays 

Hearing the sound second, the boy concludes^haMhe^scene of the explosion is from the 


is the result. 

Scientists have measured the speed of 
sound traveling through the air. They find 
that the temperature of the air has something 
to do with it, but that in general a souncl 
covers a distance of about 1,100 feet in a 
second. This is practically as fast as a 
bullet from a rifle. 

What Is an Echo? 

We have all been amused, at one time or 
another, by the echoes wt hear in large 
halls, or out in the open when there is a hill 
not very far away. We shout “Hello!** and 
after a brief interval an answering voice 


bal and ball reach 
the eye before the sound disturbance reaches 
the ear. 

in stories about Indians wc often read how' 
they listen for the approach of horsemen by 
j)lacing their ears to the ground. The solid 
earth can carry the sound disturbance caused 
by horses* hoofs better than can the air. 
The same fact may have led you to put your 
car to a railroad track to listen for the distant 
rumble of a train. Steel rails are vcr>" good 
carriers of sound. Among the very best 
sound conductors is liquid water. 

Many other facts like those described 
above lead us to the Mief that solids and 
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This diagram shows what takes place when a ticking 
watch is held up to the ear. Study the picture as 

liquids carry sounds bcllcr than gases. lJut 
a solid must be clastic if it is to carry sounds 
well. Try this experiment. Get a long 
stick of wood and i)lacc your ear close to 
one end while your friend scratches the other 
end lightly with a pencil. You hear the 
sound c^i.ib' Now* saw the stick in tw^o 
and separate the cut ends by an air sjiacc 
of about an eighth of an inch. 1'ho air gaj), 
no matter how small, carries the sound of 
the scratch so poorly that you hear nothing 
at the other end of the slick. 

Can You Make a String Telephone? 

Follow this experiment with a similar one 
in which you stretch a long string between 
the finger of j^our friend’s hand and your 
ear. A pencil scratch at one end of the 
string is easily heard at the other end as 
long as the string is iiulled taut. Tf the 
string hangs loose, however, no sound is 
carried through it. An amusing device is 
the w’cll-knowm “string lele])hone.” A stout 
string stretched between two open pill boxes 
carries the sound of the voice very well; but 


you read our story below, where the action of the 
important parts of the ear is explained. 

one must be sure that the sound carrier is 
tightly stretched. 

In each of the above experiments sound 
disturbances arc carried more easily by sub- 
stances that arc dense and elastic. The 
stick is denser and more elastic than air. 
A taut siring is more elastic than a loose one. 
\Vlien rooms in houses are to be made 
sound-proof, double walls and floors are in- 
stallctl. lielween the walls and floors, soft 
or granular material is packed. In this way 
sounds cannot easily travel from room to 
room. 

"i'he jioorest sound carrier of all is a 
vacuum, for in a vacuum there are no mole- 
cules at all to transmit a sound disturbance. 
On ijiv moon, which is believed to have no 
atmosphere, there could be no noise. A 
charge of dynamite sol off on the surface of 
the moon would be as silent as the hush of 
night. A whole immntain side might come 
tearing dow'n, but the impact of stone upon 
stone would be as quiet as that of one 
feather falling uj)on another. 

In one .sense, there would be no such thing 



These boys have made a string-telephone and are having no end 
of fun with it. If you should care to make one, you will find that 
two tin cans, pill boxes, or paper milk -containers will do nicely. 
Connect them with a string and be sure to pull the string taut. 
If it is well made, such a telephone should 
carry the sound of your voice for hun- 
" dreds of yards. 



447 



HOW IS A SOUND MADE? 


as sound if there were no ears to receive and 
interpret sound disturbances. If all of us 
were deaf, vibrating bodies might cause 
millions of air ripples, but they would have 
no effect upon us. In fact, it may be said 
that all sounds involve three things: a vibrat- 
ing body, some substance like air to carry 
the disturbance due to vibration, and an 


to vibrate freely. Sometimes this is not 
easy — ^as, for example, when one has a cold. 
Then the tube may be clogged and the free 
vibration of the drum be prevented. 

The peculiar position of the drum be- 
tween two canals makes great care necessary. 
Never pinch both nostrils in blowing your 
nose; for that may force air into the Eusta- 


car to receive and be chian tube and burst the drum outward. 

affected by the dis- ^ ^ ‘ Blow one nostril at a time. The sound of a 

turbance. V . loud explosion may, in a somewhat similar 

How does the ear '.j manner, burst the drum inward. Soldiers 

act in receiving : . ^ firing cannon often keep their mouths open, 

sounds? The picture I ’ ^ This lets the air in on both sides of the ear- 

on the preceding page j [ drum and equalizes the pressure. If, when 

shows the essential ^ m 2,^ .2^ train, you feel your eardrums pressing 

parts of the ear. Note inward as you ride into a tunnel, you may 

that the human ear find relief by sivn How- 


may be divided into 
three main parts: 
outer ear, middle ear, 
and inner ear. Now 
the outer ear, which 
is the horn-shai)ed 
portion that can be 
seen, is built in such 
a W’ay as to gather in 
as many air ripples as 
possible. These rip- 
ples pass through a 
canal and strike the 


By blowing through a Jt * 
spreader, such as is used \ /w 

to spread the flame on a 1 ^ ^ 

Bunsen burner, one can 1 \ r 

cause the air in a bent 1 i \ / P 

glass tube to vibrate in | 1 » V V' 

several ways. In fact, it 

is possible to become so * J jl ' 

adept as to play upon the I ^ 

device as one would on a I 

bugle. The tube should 

be about twenty inches 

long and a half inch in 

diameter. The picture at the right shows a half-inch 
glass tube which may be raised and lowered in a jar of 
water. In this case blowing will produce a tone of almost 
any pitch desired, according to the position of the tube in 
the water. The device may be compared to a trombone. 


ing. In doing so, you 
push air into the Eu- 
stachian tube and 
equalize the pressure 
on the outside due to 
the sudden conipre.s^ 
sion of air in the tun- 
nel by the moving 
train. 

The keys at the ex- 
treme right of a piano 
keyboard produce 
high tones. Those at 


eardrum. This brings us to the middle ear. 
As the eardrum begins to vibrate with the 
impact of the air ripples, a series of small 
bones against which the drum rests also begin 
to vibrate. Thus, the disturbance is handed 
on to the inner car. The inner ear is filled 
with a fluid, and is shaped like a spiral snail 
shell. The disturbance now travels round 
and round the spiral, sweeping by a series of 
nerve endings. Scientists cannot tell us ex- 
actly what happens at the nerve endings; 
but it seems that somehow they stimulate 
a large nerve which enters the brain. There 
the stimulus is interpreted as a sound. 

Studying the picture of the human ear, 
one finds a canal leading from one side of the 
eardrum to the outer ear and another 
channel leading from the other side of the 
drum to the throat. This second channel 
is called the Eustachian (u-sta'ki-an) tube. 
This tube must be kept clear if the drum is 


the extreme left give low tones. We call the 
difference one of inlch. All musical instru- 
ments, as well as the human voice, arc 
capable of producing sounds of varying 
pitch. When a violin plays a melody, tones 
of different pitch follow one another in a 
pleasing sequence and rhythm. The same 
is true in the song of a bird or of a human 
voice. 

How the Pitch of Vibrations Varies 

Now when does a vibrating body give 
out a high-pitched sound, and when a low- 
pitched one? Scientists have found that a 
high pitch is produced by a rapidly vibrating 
body, while a low one is the result of a slower 
vibration. The lowest pitch the human ear 
can hear is one coming from abqut 16 vibra- 
tions per second. The highest pitch comes 
from vibrations of about 40,000 times in 0 
second. The key on the piano known as 
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“middle C” causes a certain string to vibrate 
about 256 times a second. The creak of a 
door hinge or the chirp of a cricket may be 
due to vibrations of over 20,000 times a 
second. 

If we examine the different musical in- 
struments, we find several ways of changing 
the pitch of the sounds they produce. In 
the case of stringed instruments, the pitch 
is raised when the string is either shortened 
or tightened. The 
pitch is lowered by 
lengthening or loos- 
ening the string. The 
thicker the string and 
the denser the ma- 
terial of which it is 
made, the lower the 
pilch. Thus, four 
things control the 
pilch of a sounding 
string: length, ten- 
sion, thickness, anil 
density of material. 

In instruments like 
the trombone, organ 
pipe, and cornet, the 


may be so soft as to be hardly audible, and 
the other deafening in its loudness. What is 
the cause of loudness in the sound which a 
vibrating bofly produces? 

It is the human ear which interprets a 
sound as loud or soft. Usually the force 
with which the eardrum is caused to vibrate 
determines the loudness of the sound heard. 
The eardrum is of course affected by the 
air ripples which strike it. The air xipples, 
in turn, are depend- 
ent upon how the 
body sending them 
vibrates. If the body 
swings through a 
wide arc, a forceful 
air ripple is started 
and the sound heard 
is loud. When the 
arc is narrow, a soft 
sound is the result. 

Sometimes a 
sounding body forces 
a large object near it 
to vibrate with it. 
This object, being in 
contact with a large 
such ^^ount of air, pro- 
duces a much larger 

I tones at first are elec- ripple than can 
upon the length and trie waves, 'which are then turned into sound waves by the sounding body it- 
... - . , the mechanism concealed mside the body of the instru- ir o 

width of the column, ment. One of the principal parts of the device is a small SCli. oO another vray 

and upon whether “*« ““ of increasing loud- 

, / edge, much as on a gear. Dnven by a motor, the disk • ^ r ^1 

the column is tipen at revolves at an even speed, and is so placed that the teeth, ness IS to force a large 

both ends or only at 

one end. The skill The process is explained in our article on electricity. If, Vibration. This 
in playing a trom- « employed 

bone lies essent ially sound we have a tone with a frequency of 440 vibra- in a piano, where the 
• second—or the note we call “middle A.’* Each ......pHincr hnnrH roin 

in being able to note on the organ has its own little disk. sounding Doara rein- 

lengthcn or shorten forces the sound 

the air tube in order to produce the desired produced by the strings. The violin box 



Photo by Hammond 

vibrating body is a musical tones given out by an electric organi 
column of air. Here as the one above, arc produced electronically. Only 

I few instruments rely on this principle. There are neither 
the pitch depends strings nor pipes nor reeds. The tom 


pitch. In a cornet a scries of stops have 
the effect of changing the length of the 
vibrating air column. Blowing harder or 
less hard, in a certain manner, may also 
help the cornet jdaycr to produce sounds of 
differing pitch. Pitch in an organ def)ends 
largely on which pipe is sounded. Each tone 
requires a different pipe or air column. 

IMtch is not the only distinguishing feature 
in a sound. Two sounding bodies may be 
vibrating at the same rate, and yet one 


also reinforces sounds, and so does the 
framework of the harp. The strings of a 
violin, piano, guitar, mandolin, or harp 
would sound very feeble without the sound- 
ing boards or boxes to which they are at- 
tached. The strings of a harp may vibrate 
through just as wide an arc as the strings of 
a piano, but the harp produces softer sounds, 
largely because its framework puts less air 
into motion than does the sounding board 
of a piano. 
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Tn the case of musical instruments that 
depend for their sound upon vibrating? air 
columns, loudness and softness is again ile- 
termined by the amount of air set in motion. 
That is why a horn is employed, for a horn 
incloses a large volume of air. Often a 
cornet player plugs the Jiorn when he 
wishes to reduce the loudness of liis playing. 
To .some e.xtent, loudness and softness in 
this type of instrumeiil depend also upon 
the force with which the j)Iayer blows. 

The Peculiar Quality of a Tone 

Imagine yourself blindfolded in a room 
where there are many dilTerent kinds of in- 
struments. Each instrument in turn plays 
a tone of the same jntcli and of the .same 
loudness. Can you recognize the violin? 
The piano? The mandolin? 'I'he trumpet? 
The saxophone? The human Aoice? Prob- 
ably you can, becau.se each instrunumt has 
its own peculiar quality. So there is another 
characteristic of sounds to be considered. 
In addition to the j)itch and loudness of a 
sound, we must note its quality. 

It is rather hard to .say what it is about a 
sounding body which determines its quality. 
Speed of vibration explains ])ile!u and the 
amount of air set in motion determines 
loudness; but what accounts for the (jualily 
of a sound? 

How a String May Vibrate at Several Speeds 

Scientists and musicians who have studied 
this question tell us that a string or an air 
column — any object, in fact can vibrate 
at several different speeds at the same lime. 
Thus, a string as a whole may vibrate 250 
times in a second; but each half of it may 
at the same lime be vibrating 512 times a 
second. The resulting sound is compounded 
of two sounds; the first overshadows the 
second, but both arc heard. When a string 
or an air column vibrates at several speeds 
at the same time, one spccfl is fundamental, 
determining the main jiitch and loudness; 
but the others also have their elTect upon the 
listener. If the main pitch and (he secondary 
ones harmonize plea.singly, the (juality is 
pleasant, and we call the sound sweet. If 
the harmony is bad, the sound is harsh. 


No two instruments have ever been made 
which have exactly the same quality, though 
they ma\^ agree perfectly in j)itch and in 
loudness. A violin that co.sts $50,000 i.s 
(litTerent from one that costs but $1:0 be- 
cause the former can produce sweeter tones. 
Somehow its builder has so adjusted the size, 
shaiK\ and construction, and has used such 
fit materials, that the main and secondary 
pitches for every lone blenrl perfectly, llie 
opera .singer who receives Si, 000 for an 
evening’s perft)rmanct‘ ])ossesses vocal cords 
whose main and secondary vibrations for 
every lone blend in a most jdeasing manner 
One reason why we can recognize our friend.^ 
by the sound of their voices is that wc have 
learne<l to detect the differences in their 
vocal cord vibrations. \o two sets of v'oeal 
c«)rds vibrate exactly alike. 

The Natural Vibration Rate of an Object 

Did you ever find tliat some objirt in the 
room gives out a sound whenever a certain 
key on the piano is struck? It st'cms as if 
the object is in sym]>athy with that j>articiilar 
.string. Since the siring vibrates at a certain 
speed, it sends out air ripj)les that follow one 
another at tlial speed. These ri])]^les strike 
every object in the mom, but only one ob- 
ject rcs])()nds by vibrating at the s|)ced of 
the siring. The cAjdanalitMi is lliat everv 
oliject can vibrate best at a certain speed, 
called its natural vibration rale. We have 
already learned that this rate def)ends iiynm 
such things as si/e, sha|)e, and kind of 
material. Tf, llierefore, the air ri]ij)les striki* 
the object at its natural rate, the object 
J)egin.s to vibrate. 

All lliis may remind us of the jiroress ol 
starting a swing. Depending on the length 
of the ro])es, the swing can vibrato just so 
many limes a minute and no more. First, 
you giv<* a little juisli which starts the move- 
ment. 'riien you time the second push so 
as to agree iii direction with the moving 
swing. A thinl push, a fourth, still others, 
cause a wider and wider movement. We 
may lher(‘fore say that vibrating hands 
forced the swing into vibration .because the 
natural rate of the swing was the same as 
that of the hands. 
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PHYSICS 


Reading Unit 
No. 21 


HOW CAN A FIY WAI.K ON THE CEII.INC? 


Note: For basic in formation For statistical and current facts, 

not found on this pai>e, consult consult the Richards Year Book 
the general Index, Vol. 75. Index. 

Interesting Pacts Explained 


The ]VIagdeburj< Ileinisphere.s, i- 

452-53 

Why empty bottles are not really 
empty, 1--452 

Walking on the ceiling, i -452-53 
Atmospheric pressure, i 453-56 

Pilings to 

Tlow does a lly use atmospheric 
pressure when it walks on the 
ceiling? 


"I'he stratfisphere, 1—454 

What is the weight of air? i— 
454 

The aneroid barometer, 1-455- 
5 ^ 

Think About 

Why do balloonists seal their gon- 
(k)Ias when they go up into the 
stratosphere? 


Picture Hunt 


W'hat happens to a tin can when 
air is removed from it? i 
455 

How high does our atmosjdiere 

Related 

How does atmospheric pre.ssure 
affect the (ooking of food on 
mountain tops? i 402-4 
How the weather related to 
changes in atmospheric pres- 
sure? I 2 5g-()i 

H<»vv do changes in atmosiiheric 
pressure affect the eardrum? 

2 ^0.4 

Ht>w may trains anti autom<»biles 

Practical 

How’ does an aviator know' his 
altitude.'' 1-456 
How ma\' air pressure be meas- 

I. eis u re*ti tn e 

PROJICC 'r NO. I : Show how' at- 
mospheric pressure can make a 
tin can collapse, i 455 “ 56 . 

Su nt inary 

The atmosphere, because of its 
weight, exerts a pressure of about 


reach? 1-454 

How are changes in atmospheric 
pre'isure recorded continu- 
tuisly? I 455 
Material 

be sloiiped by the use of air 
pressure? i 461-02 
What makes an airplane rise? 
AO 315-28 

Wher' do meletirites begin to 
burn? 1-320-2 1 
How may atmostiheric [iressure 
cause water ti> flow uphill? i 
459-60 

A pplications 

tired wdth a portable instru- 
ment? 1—456 

A ctivities 

PROJKt T NO. 2: Make a ba- 
rometer, 14 48. 

Statement 

fifteen ixninds per square inch at 
sea level . 
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SOME INTERESTING THINGS ABOUT AIR PRESSURE 



The horses tugged and strained but all in vain, for in the one case and not in the other. This spectacle 
they could not pull apart the two half balls which was staged by Guericke before the court of Prince 
Guericke had fitted together. Yet only a few moments Ferdinand of Germany, in the town of Magdeburg, 
before, the balls had come apart quite easily 1 In this Ever since, the half balls have been known as the 
story you may learn why the two half balls came apart **Magdeburg Hemispheres.” 

HOW CAN a FLY WALK on the CEILING? 

This Story Will Show How He Has a Way of Using the Weight 
of the Air to Help Him 

ARE SO accustomed lo living in an high above the pavement. Powerful scarch- 
I 'N'm forget its existence lights aimed their beams at the moving ob- 

altogether. We refer to spaces filled ject; for the “stunt” was being performed 
with air as “empty spaces”; and when at night. W^hat the crowd saw was a 
forced to observe that it is a real substance, suspended plate-glass platform that glis- 
we watch with much curiosity and wonder, tened in the light. Back and forth it ran 
So it was, not long ago, when a motion on the trolley, and — the astonishing thing 
picture “stunt man” put on a show for the — from it was hanging a man, attached in 
people in Los Angeles, California. Between some mysterious way to the under side of 
two tall buildings on one of the busy streets the platform. Head down and feet up, he 
a cable was stretched 390 feet in the air. seemed to be hanging by the heels and soles 
The crowds below stopped long enough in of his shoes, which were pressed against the 
their hurry to gape upward at a curious glass. Back and forth he rode over the 
object, much like a suspended cable car, deep chasm, defying death and holding to his 
that was being pulled along on the trolley, perch like a fly against the ceiling of a room. 
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SOME INTERESTING TmNGS ABOUT AIR PRESSURE 


The performace; from many points of he built two brass hemispheres, each one 


view, was utterly useless and silly; yet it 
did serve to arouse in the minds of many 
people a good deal of curiosity as to why 
the man did not fall. Had they been able 
to examine the man’s shoes, they would have 
found a very simple answer to their question. 
Each shoe was htted 

with two stout rubber 

cups, each about four 
inches in diameter 
across the mouth. 

These were pressed 
against the smooth 
glass plate so firmly 
that no air could find ^ 
a place between the 
rubber and glass. 

The contact was ex- 
tremely close. The 
weight of the man 
could not break this 
contact held tight by 
the pressure of the air 
around him; and so 
the figure hung head 
down, in seeming do- 
fiance of the law of 
gravity. In reality, 
the upward force of 
the air against the 
shoes was more than 
enough to counteract 
the downw'ard pull 
represented by the 
weight of the man. rhoto by i...ern«..ou«i iwc- 



As wc shall soon 


This is a 
our story 


foot in diameter across the open face. The 
two halves fitted nicely together to form a 
round ball; but their weight caused them to 
fall apart unless held together by an outside 
force. One of the halves was fitted with a 
stopcock to which a pump could be con- 
nected; and both 
— halves were provided 
with rings to which a 
team of horses could 
be hitched. Having 
been asked by Prince 
Ferdinand of Ger- 
many to demonstrate 
his experiment before 
an assemblage of no- 
f bility, von Guericke 
first showed how 
easily one could pull 
apart the hemi- 
spheres. Then, fitting 
them together, he ap- 
plied his air pump 
and drew out as much 
of the air as he could 
from the inside of the 
ball. At this point he 
hitched a team of 
horses to each of the 
§ rings and urged 
^ drivers to whip the 
animals into action, 
so as to pull the 
halves of the ball 
apart. The horses 


learn, the sustaining plate 300 feet above the str 
1 holds the man’s shoes to the 
air firessure was prob- 
ably about five times the man’s weight, 
assuming that he weighed 150 pounds. 


Guericke’s Experiment in Air Pressure 

This incident brings to mind a similar 
spectacle staged more than 275 jears ago 
by the scientist Otto von Guericke (f6n gCr'- 
Ik-e) in the days when modern si ienco was 
just beginning. Even such a simple fact as 
that air exerts a i)ressure excited the wonder 
of men. But von Guericke did not need to 
dangle a human being from a height of 390 
feet in order to prove his point. Instead, 


is a picture of the daring “stunt” man about which finrcroH nnH «;trflinpH 
itory tells. Think of dangling from a smooth glass StraineO 

300 feet above the streets of Los Angeles I All that in vain. The pressure 
jtfieman’sshoestotheidateisthepressureof theair. holding 

be man’s weight, the sphere together, was too much even for 
150 pounds. tlie horses. 

In comparing the experiment of von 
in Air Pressure Guericke with the feat of the “movie'’ 
0 mind a similar actor, let us note that in each case the effect 
an 275 jears ago was produced by the pressure which air 
Liuerickc (f6n gCr'- exerts. Moreover, each man depended upon 
lodern si ienco was hemispheres. In one instance these w*ere 
h a simple fact as four small hemispheres made of rubber; in 
excited the wonder the other case, they were two larger hem- 
kc did not need to ispheres made of brass. But there was a 
>m a height of 390 difference in the means by which the air 
is point. Instead, was removed from the hemispheres; for the 






How little we really know about our atmosphere is day, perhaps, we may mount even beyond the mys- 
shown in the above picture. It would be thrilling to terious stratosphere into the stiU more mysterious 
be able to go sailing above the region of storms. Some portion of the air where meteors become visible. 


modern stunt man did this by scjucczing the 
rubber flat against the glass, while von 
Guericke used an air pump. 

How Heavy Is Air? 

“As light as a feather,” we say when we 
wish to describe something that weighs very 
little. But if this feather should have bil- 
lions of others piled upon it, anyone resting 
underneath the feather mountain might be 
squeezed to death. Similarly, we often say, 
‘‘As light as air”; but we must not forget 
that the particles of air at the earth \s surface 
have trillions of air particles on top of them, 
reaching up to a height of i)erhaps two 
hundred miles or more. The bottom layer 
of the atmosphere in which we live is some- 
what like the bottom pillow in a i)ile of 
pillows. The lowest is the most compressed; 
the one at the top is the fluffiest. And the 
bottom la3^er of the air ocean is the densest, 
while at the surface of this ocean — if it has 
a surface — the air is rare indeed. 


A cubic yanl of air, at the level of the sea 
and when the tcnqxTature is just cold 
enough to freeze water, \veighs about two 
pounds. A Cubic yard of air taken at a 
higher level weighs less. But the warmer 
the air gets, the less it weighs, since heat 
causes air to exj)and, or become thinner. 

Why Air Exerts Pressure 

Nevertheless, the air in a w'arm bedroom 
high up in a tall building must have con- 
siderable weight. If the dimensions of the 
room are 5 yards by 4 yards by 3 yards, the 
volume of the room is 5 times 4 times 3, or 
60 cubic yarrls. If one could take these 60 
cubic yarfls of air and place them on a weigh- 
ing scale, where the rest of the air ocean 
could not press down ui)on them, the scale 
would undoubtedly register more than 100 
pounds. Of course, such a thing could not 
easily be done. Besides, the weight of the 
uir in a room is not so important to us as the 
combined weight of the roomful of air and 
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of all tlic air that presses clown upon it, Let us 
reaching up to the very top of the atmosjihere supported 
which surrounds the earth. That 

is why we shall speak more often ^ | 

of air pressure than of air weight', ■ fTna , iClT^ i 
iillhough air exerts a pressure 1 1 |i 

c ily because it has weight. | j pi 

On other pages in these books «lo J 

A^e have tolcl you how Torricelli, | 

a pupil of the famous Oaiileo, 

was aVjle to find a simple and ac- 

curate means of measuring the siJ?Se‘’hole“fn''an 

pressure which air exerts urxm empty can. By operating 
* , . . I • I v t^e pump, one can draw 


>!• • 1*1 |JUiupt van uiaw 

every object aguinst whicti it most of the air out of the 

rests; and how, by means of this 

device, he w'as able to prove that 

the pressure of the air about us 

varies from hour to hour and that 

it is greater at sea level than on a II 

mountain toj) — a thing that is { 

only natural since at seJi level 

there are a good many more cubic 

fei't of air above one’s head than 

Ihorc ai. ..n a mountain toi). 

'lorricelli found that at sea level the can when the air is 

Ihf air exerts a pressure of about sm^ahe at^oTtsWrthe 
fifteen i)Ounds on (*verv sciuarc can forces in the walls, and 
^ ' 1 • 1 the can crumples, 

inch of surface against which it 

rests. Let us re- 
member this fact. 

When the “stunt 
man^* advertised 
the show' which 
was doscril)ed at 
the bc'ginning of 
this chajiter, he re- 
ferred to himself as 
the “human ily.” 

Tie wasejuite right, 
not merely because 
he resembled a tly 
as he dangled from 


Lei us now sec how large an air pressure 
supported the stunt man. Each of the four 
cups had a diameter of 4 inches. 
I From this it may be calculated 
y that the man’s shoes made close 

9 II contact with about 50 square 

H J pi inches of area on the glass plate, 

H eio J Since the air exerts a pressure of 

|p J 15 pounds on every square inch, 
its pressure on 50 square inches 
is 50 times 15 or 750 pounds. So 
hole“fn''an weighed 150 ixiunds, 

ty operating the air ])ressurc w^as about live 
B can draw . , , . ... 

r out of the times as great as his w'Cight. 

One might well ask, “Why 

• can’t a person hang from the 

ceiling by pressing his palms flat 

n r against it ?” The reply would be 
I that he could if he were able to 
j make such close contact with the 
ceiling tliat every molecule of air 
• was remoN'cd bctw'een the ceiling 
' and his palms. Of course he 
would have not only to e.xclude 
I the air is the air trom those si>aces, but to 
^TtsWrthe “ft'''' tc- 




fifteen pounds on (*very scjuarc can forces in the walls, and moved it. Should any of our 
inch of surface against which it the can crumples. readers try to imitate a fly by 

pressing his hands 
against the ceiling, 
he will soon find 
that the palms 
(^ffer very j.oor 
means for making 
a good contact, and 
that it is impossible 
to t^revont the air 
frtim crcejiing into 
the space between 
the hands and the 
ceiling. 

To get a clearer 

the glass plate, but This instrument, known as a barograph. . all this, try 

because the house tlv can also automatically records the pressure of this simi)lc and intcresung 
attach itself to walls and to cxiarhuent. (let a small rec- 

ceilinffs bv means of “cups” upo" which the pen point is tracing a langular tin can such as is 
, 1 r*if . line IS moved by clockwork the spring 1 f/M* in* foi* oil 

at the ends of Its feet. These of which must be wound up every seven '‘^‘d tor xarni.n or lor oil. 

wVion nressed li lt force or eight days. The strange-looking de- It should have onc round 
cups wntn prtssu ii.iL lorce in the center is a barometer of the p.. ,, 

outtheairfromw'i thin,. so that aneroid type. optning at the toj>. rit a 

the air outside can exert its cork into the opening, and 

pressure of 15 pounds on every .square inch be sure that you can quickly insert this 
of surface pressed upon by the cups. cork anil that it is tightly wedged. Now 
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SOME INTERESTING THINGS ABOUT AIR PRESSURE 


remove the cork and pour a little water 
into the can. Place the can on the stove, 
and bring the water to a boil. When the 
water has been boiling for some time and 
you are certain that the steam has pushed 
out all the air, quickly insert the cork and 
remove the can from the flame. Keep the 
can in a cool spot, or help it to cool by 
sponging the outside surface with a wet 
cloth. Tn a little while the steam left inside 
the can will condense, and a partial vacuum 
— or airless space — will be formed inside the 
can. Now there is almost no pressure inside 
the can to withstand the pressure exerted 
by the air on the outside of the can; so at 
this point, the can will crumple up into a 
bent and twisted mass of metal, as if some 
giant’s hand had squeezed it into a lump. 

Why the Can Crumpled 

If the surface area of the six sides of the 
can totals 200 square inches, the j^ressure of 
the air w^ould be 200 times 15 pounds, or 
3,000 pounds. No wonder the can crumples! 

In our discussion of air pressure we have 
been careful to say that the pressure of air 
is fifteen pounds per square inch only at sea 
level. The higher up one goes, the smaller 
is the pressure. In fact, for the first mile or 
so, every nine hundred feet one climbs brings 
one into air that exerts a pressure of half a 
pound less per square inch. But the higher 
one gets, the slower is this rate of decrease 
in pressure. 

Now when a balloonist or an aviator climbs 
six or seven miles into the air, the decreased 
air pressure at such a height causes him 
great discomfort and even danger. Not 
only is there not enough oxygen for breathing 
purposes, but the body cannot accustom 
itself quickly enough to the low pressure 
around it. The heart is used to pumping 
blood through the arteries witli a force 
sufficient to overcome the 15 pounds per 
square inch which, at sea level, constantly 
grips the body. When this external air 
grip is suddenly reduced to 10 pounds |Kjr 
square inch or even 5 pounds per square 
inch, the heart in its continued and forceful 
pumping may burst a blood vessel. Moun- 
tain climbers and aviators sometimes find 


themselves bleeding from nose and mouth 
on account of this sudden drop of air pres- 
sure at high elevations. 

Professor Piccard’s Experiment 

Recognizing this difficulty, Professor Pic- 
card (pe'kar'), when he not long ago climbed 
some ten miles above the earth, inclosed 
himself in a strong metal ball, which he 
sealed tightly after entering it. Inside, he 
maintiiined a more normal air pressure by 
releasing oxygen from tanks as it was needed. 
After reaching a height of more than ten 
miles, it would have been suicidal for him 
to open the porthole. He did not dare open 
the ball until he had descended to a height 
of three or four miles. 

The modern ‘'stratoliners” are equipped 
with ‘‘pressurized’’ cabins— that is, airtight 
cabins in which, as the ship cruises several 
miles high through the thin air of the sub- 
stratosphere, the air inside the cabin is com- 
pressed until the pressure is comfortable. 
Oxygen too is supplied. 

Torricelli’s invention for measuring the 
force exerted by air gave rise to the modern 
barometer (ba-r5m'e-ler), an instrument 
which we have described elsewhere. It has 
become a necessity in j)re(licting the weather. 
Aviators, mountain climbers, and explorers 
need a compact, sturdy, rejiable, and easily 
read instrument, so they commonly use what 
is called an aneroid (in'er-oid) barometer. 
A form of this u.sed by aviators is known as 
the altimeter (5l-tfm'c-ter). 

The Principle of the Aneroid Barometer 

Tn principle an aneroid barometer con- 
sists of an inclosed metal drum one side of 
which is flexible. The air inclosed in this 
drum does not communicate with the air 
outside. So the pressure of the air inside 
does not change much, but the pressure of 
the air outside may change. Should the 
air outside increase in pressure, the flexible 
side is dented inward. Should it grow less, 
the flexible plate is pushed outward. This 
inward and outward movement operates 
a lever which moves a ptrinter over a scale. 
The scale is marked off to indicate the 
amount of air pressure. 




PHYSICS 


Reading Unit 
No. 22 


HOW WE PUT THE AIR TO WORK 

Note: For haste information For s tat istic at and cur rent facts ^ 

not found on this page, consult consult the Richards Year Book 
the general Index, VoL 75. Index. 

Interesting Pacts Explained 

What is compressed air? 1-458 How is water kept out of tunnels 
What causes liquids to flow out under construction at the bot- 

of a can? 1-458 tom of rivers? 1-460-62 

What is reduced air pressure? How does air stop our trains? 

1-458, 463 1—461-62 

What makes water flow uphill? What makes a vacuum cleaner 
1-459 work? 1-463 

Things to Think 'About 

Could we diR tunnels under water are working under heavy air 

without using compressed air? pressure? 

Why not? Could water be supplied to large 

Could we breathe if there were no citie.s without the use of air 

air pressure? Why not? pressure? 

What is the danger to men who 

Picture Hunt 

How is a train stopped? 1 461 How does a pump work? 1-464 

Related Material 

What made safe railroad trans- Why is it hard to cook an egg 
portalion fK>ssiblc? 1—461, at a high altitude? 1-402-4 

10-200 How does air pressure affect the 

Why is air pressure important wind? i 222-25, 399 

for the automobile? 1-462, How does air pressure make it 
9-260, 270 possible for man to travel by 

How does air pressure help make airplane? IO--3I5 

the weather? 1-259-61 

Practical A pplications 

How is air pressure put to work cleaners, ciutomobile tires, 

in each of the following de- pumps, fountain pens, and 

vices: air brakes, sand blasters, pneumatic chutes? 1-458, 

pneumatic drills, vacuum 465, 10-200 

E eis ure ~ti tn e A cti vi ties 

PROJECT NO. I : Make some PROJECT NO. 2 ; ^Make a si- 
trick bottles, 1—458-60. phon. 1-459. 

Summary Statement 

Breathing, and the operation of pressure to work.” For these 
many industrial and home de- purix>ses we use both compressed 
vices, depend upon “putting air air and reduced air pressure. 
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HOW WE PUT THE AIR TO WORK 


What good is a basketball 
if it is not blown up? 
These boys are smiling 
in anticipation of the fun 
they are going to have 
when the pump has 
forced enough air into 
the bladder. 



Pliifio li\ II Ariiislroiitc 


HOW WE PUT the AIR to WORK 

What Is the Secret of Nature That We Use in a Pump 
or a Vacuum Cleaner? 


HE work which air may flo in the 
world about us is of three chief kinds. 
First is the use to whicli normal air 
pressure is put. Normal air i^ressure is con- 
sidered to be a]>out fifteen jxuinds per 
square inch. Second is the use to which air 
may be put under compression. For air 
may be so crowded together, or “com- 
pressed,” that its presssurc mounts into 
hundreds r)f pounds {)er square inch. Such 
air can perform gigantic tasks. 'I'hird is the 
use to which we may jmt decreased air 
pressure — that is, air exerting a pressure 
of less than fifteen i)ounds per .square inch. 
Sometimes its pressure may be reduced to 
almo.st nothing at all. When wo want to 
make use of (Iccreased air pressure we em- 
ploy a partial vacuum. 

In each of the paragraphs below, you will 
find an illustration of the way in which the 
normal pressure of the air about us may be 
put to good use. 

The picnic lunch concluded with delicious 


coffee; but, as no cream w^as available, a can 
of condensed milk was firoduced. “Here,” 
said someone, “let me jiunch a hole in the 
can.” 1 sing a .stone as a hammer, he drove 
a nail into tlie loj). Ih* removed the nail 
and inverted tlie can over a cup of coffee. 
To his .surjirise, not a ilrop of milk llowed 
out. “Let me hav<* the can,” said his neigh- 
bor. “fhe troubk' with you is that you 
don’t know how to lake advantage of air 
pressure.” ThiTeujx^n, he hammered an- 
other hole in tht; can. The can was inverted 
again, and the milk soon dripjied out of one 
of the holes. Nothing came out of the other 
hole. 

'I'he “hike” was a long one; the day was 
hot and humid; and the road w'as full of dust, 
'fhe troop of Hoy Scouts welcomed the sug- 
gestion of their sctiut master that they halt 
for a while, to cool olT and to wet their 
parched throats. In a jiffy, ever\' canteen 
was out of its case, with open ends resting 
against mouths held high in the air. “I 
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HOW WE PUT THE AIR TO WORK 


•wish I could get a real drink from a glass,** 
said one of the boys. “This gurgling can 
doesn't give a fellow a decent chance to 
quench his thirst.** “That’s just the i)oint,** 
said the scout master; “one shouldn’t drink 
too much under these conditions. That 
is why canteens are built as the}' arc. Air 
must get in through the narrow . 

opening before water can ct)iTie 
out. You can get enough to ^ 

rinse your mouth and occa- ,1^ X 
sionally enough to gulp down. 

I'he canteen protects you .. I|HH 
against yourself.” 

v\ carelessly planned camj) 
fire was ihreatening to catch in 
a large bush. I'here was tlan- 
ger of a barest fire. “Quick'/' 
yelled one boy. “Grab every 
can and bottle and run to the 
stream for water I” Two boys 


fonished to sec that the water remained in 
the container, ajiparently supported by 
nothing but a sieve. Slowly the teacher 
tippeil the flask at an angle. Air bubbles 
gurgled their way up through the water, as 
drops of water dripped out of the flask. 
But when the flask was held squarel}' u^iside 
. down once more, both the air 

J; and the water stopped flowing. 
^ ,c It was time to change the 

■; f. water in the aejuarium; but the 

; \ vessel was too heavy to tilt. 

; i Besides, the fish might be 
1 ■ \ U sj ailed out if the tank was 

: ^ emptied in that way. Jack 

1^' I was puzzled. “Why don’t you 
\ siphon out most of the water?’’ 
\ I’M asked his father. “What do 
fli H * i " mean by ‘siphon out’?” 

|[^H i was the reply. Jack’s father 
then got a large j)ail, which he 


came liack, one with a small This shows how a siphon works. Set u{)on the floor, and a rub- 
l)Ul 0]>CT. full of water aiul 

the other with a very large but flow into glass D. The pressure from the ac|uarium to the pail. 

narrow-necked llask. J'he can njvels? BB? is \hV effw^^ Holding one end of the iuhe 

of water cmolied its(*lf im- which overcomes the air pres- under the faucet, hc filled the 
- 111 1 surcHiidcRiiscstiic wfltcr toflow* • •♦u. 4 tt "i%j 


mediately U])on the Idaze; the 
llask spurted its contents intermittently 
uj)on the llames, trying the patience of the 
holder to the j)oint of exasjieration. “This 
i.s no good I” he cried. “Break off the neck, 
to let the air in,” someone atlvised. He 
(lid so; and tho water }u)ure(l out easily. 

How Air Pressure Acts on Liquids 

“T have a ‘trick’ bottle,” said Sam. “Tt 
is full of water and has a hole in the bottom; 


pinched 

the rubber at about the middle and, hold- 
ing it there, carried it to the aquarium. 
Strangely enough, the liquid (lid not S[)ill 
from the ends of the lube, which was hang- 
ing with the o[)en ends downward. Quick!} , 
and never releasing his hold on the middle 
of the tube. Jack's father placed one end in 
the a(iuarium and the other in the pail. 
Only then did he let go. The water in the 
a(iuarium soon began to flow steadily into 


but the water does not Ilow' out.” Sam lield 
up the bottle for his friend to sec'- but hc 
kept his finger plugged into the neck. ‘‘Why 
don’t you take your linger out?’’ asked his 
friend. “When T take m}’ linger out, the 
water sjiills. See!” Now' how' can closing 
the opening at the toj) of the bottle keep the 
water from running out at the bi^ttom? 

The teacher tied a strip of cheesecloth 
over the nmuth of an empt}' llask. Holding 
the flask under a faucet, he allowed water 
to flow through the line openings of the 
cloth and into the llask. He stopi>ed when 
the flask W'as about two-thirds full. Then 
hc quickly inverted it. The class was as- 


the pail. 

Xow’ in each of the si.x paragraphs above, 
we have watched the action of normal air 
|)ressiire in causing licpiids to flow. The 
.second hole in the milk can permitted air 
to enter and fon'c out an equal volume of 
milk. In the case of the canteen, the in- 
rush of air retarded the flow of the water — 
and yet no water could leave unless air first 
entered. So the water gurgled out. In the 
third instance it w'as found necessary to 
break off the neck of the bottle in order to 
provide greater sjiace for air to enter and 
water to leave. The “trick” bottle, which 
our readers may try to make, shows clearly 
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The Holland Tunnel is one of the greatest feats of 
modem engineering. Here is a picture of the inside 
of the tunnel when it was first being pushed through 
the muck beneath the Hudson River. In order to 


keep the water from filling the tunnel, compressed air 
was used to counteract the water pressure. The men 
working in the advancing tunnel were of course com- 
pelled to breathe this highly compressed air. 


how normal air pressure acting through the 
open neck upon the surface of the water, 
forces the water out through the hole at the 
bottom. Corking up the neck prevents this 
force from acting at the top, ami the same 
air pressure acts through the opening at 
the bottom to keep the water from running 
out. 

An Easy Experiment in Air Pressure 

The cheesccloth-covered bottle enables 
one to perform another easy experiment. 
One can fill the bottle through the cloth 
because the air leaves through the mesh at 
one point as water enters the mesh at an- 
other. When the flask is turned upside 
down, the strands of the cloth help the water 
to form a continuous film at the bottom. 
The surface tension of this film acts to keep 
air from getting into the bottle; and so the 
water does not spill. The film is weakened 
by tipping the bottle at an angle. When the 
bubbles enter, an equal volume of water 
must leave. 

The siphon is one of the most interesting 
applications of the use of normal air pres- 
sure. This pressure served to keep the tube 
filled with water when Jack’s father carried 


the tube with open ends downward and the 
middle pinched shut. When the tube is 
released, the pressure of the water in the 
long arm reaching down to the pail over- 
comes the upward action of the air pressure 
at the bottom. I'hc air pressure upon the 
water in the aquarium can then push the 
water up into the tube, and over the side of 
the tank. From that point, gravity causes 
the water to fall into the j)ail. 

In a previous chajitcr we told of the 
difliculties and dangers encountered by men 
who go down under water to raise sunken 
treasures or to study forms of marine life 
or to lay the foundations for bridges and 
tunnels. They must have air to breathe, 
and they must in some way push aside the 
waters which press upon them with tremcn- 
<lous force. These problems are overcome 
with air that is highly compressed. 

Digging Tunnels under the Hudson 

In October, 1920, a gang of workmen 
began digging four shafts, two on the New 
York side of the Hudson River and two on 
the New Jersey side. At a depth of 70 feet 
below the surface of the river, the shafts 
turned into horizontal tunnels. The plan 
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The modem reilway and the subway would be im- 
possible were it not for the quick and powerful air 
brakes which can bring heavy trains to a stop. V^en 
a train or a trolley pulls into a station, one often hears 
the hiss of escaping air. It is followed by the chug- 
ging sound of a motor-driven pump which automatically 
replenishes the supply of air that was used up in 
stopping. In the picture above, you can see the com- 
pressed air tanks, the lever controlled by the motor- 
man or engineer, and the piston which pushes the 
brake shoe against the car wheel. In this picture the 
brake is off and the air in both tanks is at the same 
pressure because valve C — which connects one tank 
with the other — is open. Now when the motorman 
turns the lever at valve B to the left, valve B shuts 
off the air compressor tank and allows the air from 
the exhaust pipe to escape suddenly — that was what 


made the hissing noise. The pressure on the left side 
of the control piston is now greater than the pressure 
on the right side, and the air from the auxilia^ supply 
tank pushes against the piston and forces it to the 
right before any great amount of air can escape 
through valve C. At the same time, valve A moves 
to the right, valve D is closed, and the air from the 
auxiliary supply tank rushes against the brake piston. 
As this is shoved to the left, the brake shoe is pushed 
against the car wheel. Air brakes will bring a car 
to a stop in an amazingly short space of time. They 
have another, perhaps even greater, advantage. In 
case of accident — if a set of cars breaks away from 
the train or if anything happens to the connecting 
pipes — air is at once let out, the brakes are clamped 
on, and the train comes to a stop. All this makes air 
brakes very reliable. 


was to have these tunnels meet under the 
river, so that two continuous passageways, 
each about two miles long, would be formed 
for the heavy automobile traffic that, before 
that time, had been able to cross the river 
only on ferries. The digging proceeded 
until a point was reached where the waters 
of the Hudson threatened to seep through 
the mud and silt and flood the tunnels. 
Then it was that comj^rcssed air had to be 
used. 

The Danger of Working in Compressed Air 

At high tide, the Hudson River stands 
loo feet above the tunnel that was being 
dug. The water pressure in the tunnel was 


therefore about 50 pounds per square inch. 
Added to this was the air pressure of 15 
pounds per square inch acting upon the 
.surface of the river. Tn all, 65 pounds per 
sijuarc inch were necessary to keep the water 
out of the tunnel. Pumps compressed air 
to this point and forced it into the forward 
ends of the advancing passageways. 

The workmen were obliged to work in this 
atmosphere, which produced strange effects 
upon their bodies. Their lungs took in much 
more oxygen and nitrogen than they were 
accustomed to. The oxygen burned their 
food so rapidly that they seemed to possess 
superhuman energy ; but they tired so quickl\ 
that two hours a day was all they could 
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work. The excess of nitrogen disserved in 
their blood and gave rise to grave dangers 
when they left their work. In fact, their 
departure from the tunnel had to be very 
slow; otherwise, tlie nitrogen gas would ac- 
cumulate in their veins and arteries and 
cause terrible and paralyzing j^ains. Many 
of the men came clown wdlh 
“caisson disease” — or “the 
bends” — which is a form 
of paralysis caused by the 
bubbles of nitrogen 
gas that do not leave 
the body. 

It took seven years 
to complete the tun- 
nels, which are now 
carrying 50,000 auto- 
mobiles every day 
from shore to shore. 

Clifford M. Holland, 
the engineer, died of 
overw'ork two years before 
the tunnel was opened. Hi^ 
life and his genius have been 
honored by naming his great 
w'ork of engineering the “Hol- 
land Tube.” It stands U)-day 
not only as a great monument 
to engineering skill and to 
courageous men, but to the 
service which com])rcssed air can render to 
mankind. 

Just as compressed air is used in the 
digging of under- w'ater tunnels, so it i.s also 
used in laying the foundations for bridge 
tow^ers. The George Washington Bridge 
across the Hudson River is supported l)y 
two gigantic tow'ers that w'cre iimily em- 
bedded in concrete while romjjresscd air 
pushed the water aside. T)eej)-.sea divers 
and submarine navigators call ujx)n com- 
pressed air to protect their lives while they 
explore hidden depths. 

The Uses Man Makes of Compressed Air 

Our readers may be sur[)rised to learn that 
the modern railroad and the subway would 
be impossible w'ere it not for the quick and 
powerful brakes which can bring heavy 
trains to a stop. The power for these brakes 
is furnished by compressed air. Perhaps 


It might be said that a modern sky- 
scraper is put together, not by 
workmen, but by compressed air. 
Thesteelgirders which support such 
structures must be riveted together. 
The hammers which pound the hot 
rivets with such tremendous blows 
are driven by compressed air. 


you recall the hiss of escaping air which is 
heard when a train or trolley car pulls into 
a station. Immediately after, one hears the 
chugging sound of a motor-driven pump, 
which automatically replenishes the supply 
of air that was used up in slopping. The 
])ump sto])s when the air tanks are full. 

The brick walls of houses are 
sometimes cleaned by a .sand 
blast driven by com- 
])re.sse(l air; and the same 
driving force operates 
the hammer that riv- 
ets steel -girders to- 
gether. Hardened 
])avcmenl is cho]>ped 
: 1 o ] »ieces 1 jy ai r-d ri ven 

j)icks; and mountains 
of rock and C(Xil are 
drilled through w’ith 
the force of air under 
])res.sure. 

The dentist u.ses a blast 
of air to brush away ])articles 
of the tooth wliieh he is drill- 
ing, and the doctor uses com- 
j)rc‘s.',ed air in measuring the 
pressure of your blood. The 
furrier and the eari>et cleaner 
blow' dust out of fabrics and 
the jeweler similarly blow's dirt 
out of a W'atch with coin])ressed air. Kven 
the artist has found a use for air pressure 
W'hen he uses it to .sj^ray |)aint with an “air 
bru.sh.” 

A long, perforated i)ii)e through which a 
stream of air bubbles can es('ape is some- 
times stretched under water offshore, in 
order to re<lu('e the fury of the waves. 
Tinally, it is compressed air in the tires of 
an automobile which makes our ride so 
comfortable. 

Tn the middle of the seventeenth century 
an important law was discovered by Robert 
Boyle w’liile he was exi)erimenting with com- 
j)ressed air. Ho found that the pressure of 
a gas and the volume that it ()ccui)ics at any 
temperature are related to each other in a 
definite way. Tf the i)ressure is doubled, the 
volume is halved; if the pressure is tripled, 
the volume is reduced to one-third of what 
it was before. This relationship Boyle ex- 
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j)ressccl in the following manii(;r: “At a 
cxmslant tem|)CTature, the pressure of a gas 
is inversely proportional to its volume.” 
Let us a|)ply this law to a dclinite situation. 
Jf a roomful of air is tnnvded by a j)ump into 
a tank one-tenth the volume of the room, the 
l)rcssure of tlie air is increased ten times. 
'Since the normal 
air i)ressure is 15 
pounds jXT square 
inch, the coin- 
pressed air in the 
lank is at a |)res- 
sure of I pounds 
per square inch. 

'F h e act of 
breathing is an ex- 
cellent illustration 
of how a reduced 
air ])ressure maybe 
(if service to man. 

As one takes a deep 
breath, the chest is 
raised 'ho dia- 
phragm is lowered. 

'this has the efTc'Ct 
of increasing ill vol- 
ume the cavity 
around thi* lungs. 

.•\n increased vol- 
ume means, ac- 
cording to Boyle’s 
J^aw, a decreased 
jiressure, l^et us 
say that the jires- 
siire in the cavity 
surrounding the 
lungs is 12 pounds 
|)er s(piare inch, in- 
stead of 1 5 pounds 
per square inch. 

'I'he normal air 
pressure in the 



You may have been in a large department store where the 
clerk puts your money in a carrier that is then inserted in a 
pipe which rises above the counter. A moment later the car- 
rier pops out through another pipe at your counter. In the 
carrier are your receipt and your change. The carriers are 
pushed through the pipes by means of normal air pressure 
acting on only one side of the carrier. The air pressure on the 
other side of the carrier is reduced by exhaust fans. 


An incr(.*u.st*d volume is, of course, follow'ed 
by a decreased f)r(*ssure; and the normal air 
pressure on the liquid surface j)ushcs the 
medicine into the lube or Iluj ink into the pen. 

In the case of a vacuum cleaner apjilied 
to a rug, a rajiidly moving fan blows the air 
away from the top of the rug and into the 
bag. For just an 
instant, the air 
pressure above the 
rugis thus reduced. 
The normal air 
pressure then 
rushes toward the 
region of reduced 
pressure. In doing 
so, it blows through 
the fabric, carry- 
ing the dust and 
dirt with it to the 
bag. 

The [)ost office, 
too, makes use of 
reduced air pres- 
sure in sending 
mail containers 
through tubes that 
in certain sections 
of large cities 
stretch under the 
street s f rom station 
to station. A par- 
tial vacuum— that 
is, a reduced air 
]) r e s s u r e -is 
created by pumps 
on one siilc of the 
mail container. 
Normal air pres- 
sure on the other 
side pushes the 
container along 
through the tubes. 


room will make the air rush in through the 
nostrils to inllate the lungs. 

And what happens in a medicine dropper 
or a sclf-hlling fountain pen? Here, a rubber 
bulb is hrst squeezed llat so that the air it 
contains is pushed out. We sec the air 
bubbling up througli the liquid. Tlien the 
rubber, which is clastic, regains its former 
shane; that increases the volume inside it. 


'Fhe same s\stem is also employed in cer- 
tain large deixirtment stores for sending 
order slii)s ami purchase money from counter 
to central office. Public libraries, too, often 
use this method for sending communications 
from the reading room to the book stacks. 

Interesting things may happen under de- 
crea.sed air ])ressure. Place a four-inch piece 
of glass tubing, open at both ends, in a glass 
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This diagram will explain to you how a lift pump 
works. During the upstroke of the piston in a lift 
pump, the foot valve opens to let the air pressure push 
water through and up into the cylinder, as is shown 
at the left above. During the downstroke of the piston, 
the foot valve closes and the piston valve opens to 


let the water pass through to the cylinder above the 
mston. This is shown in the center of the picture. 
During the next upstroke, more water is pushed in by 
the air, as in the previous upstroke; and the water in 
the upper part of the cylinder is lifted high enough to 
flow out of the spout into the pail —as shown at the right. 


of water, leaving one end out of the water. 
Now blow sharply through another such 
tube held close to the projecting end of the 
first tube and nearly at right angles to it. 
Note the spray of water which is created; 
it resembles the effect obtained with a 
common atomizer. What is the explana- 
tion? 

When you blow a rapid stream of air 
across the top of the tube in the water, you 
create a region of reduced air pressure inside 
the tube at that point. The normal air 
pressure acting ujion the surface of the water 
in the glass, pushes the water up the tul^ 
until particles of water reach the rapid 
stream of air. They are caught in the stream 
and forced into a spray. 

The dentist often needs to keep the mouth 
of his patient dry. In order to draw out 
the saliva which constantly flows into the 
mouth, he hangs a little tube over the patient’s 
lower lip. This tube reaches to the water 
faucet, which he turns on when he wants the 
“drier” to operate. Let us see how decreased 
air pressure makes this device possible. The 
atream of water from the faucet flows rapidly 
downward. Occasionally the water carries 


a few air particles down with it. After a 
short wliile, enough air has been carried 
aw'ay to reduce the jircssure within the tube. 
Then, the normal air pressure, acting on the 
saliva in the mouth, pushes the fluid into 
the tube and toward the* water stream. 

A similar device is used by chemists as a 
filter pump. When the pumj) is attached to 
the funnel in which a liquid is being filtered, 
a decreased air pressure is created below the 
stem. Normal air j)rcssure forces the liquid 
more rapidly through the pores of the filter. 

If it were not for pumps, most of the use- 
ful work which air performs would be im- 
possible. It is with pumps of one kind or 
another that air is compressed or reduced 
in pressure. Pumps are used in daily life in 
many ways They carry drinking water to 
the tank on the roof and they fill the auto- 
mobile tires with air. They force water to 
put out a fire and they push illuminating gas 
into huge storage tanks. They fill the auto- 
mobile tank with gasoline and they circu- 
late the water which keeps the engine cool. 
They keep moving the liquid that freezes 
ice cubes in the refrigerator and they circu- 
late the air in schools and in theaters. 
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. The pump is an ancient invention and has 
been built in many forms. The first of these 
is the “lift pump.” Here a cylinder con- 
taining a movable piston is connected with 
the supply of water by a pipe. Blocking the 
entrance from pipe to cylinder is a valve, 
rhe valve is like a hinged door which swings 
only upward, letting water up but not down. 
Within the piston is a second valve which 
acts in the same way. When the handle is 
operated, the piston moves up. This in- 
creases the volume under the piston and, 
consequently, the pressure is decreased. The 
normal air-pressure acting on the surface of 
the water in the well pushes tlic water up 
the pipe, past tlie valv(^ — which opens — ^and 
into the cylinder. On the downstroke of the 
piston, tlie water oozes through the valve 
in the piston and enters the cylinder above 
ilie piston. The next upstroke lifts this 
water to the spout, and at the same time 
causes new water to enter the cylinder below 
the piston. The action goes on as long as 
the pi‘^+1-1. I', v.'orkcd up and down. 

A lift pump is limited in certain ways. It 
does not i)rovide a steady stream of liquid 
and it cannot raise water through a greater 
distiince than 34 feet between the well-sur- 
face and the lower valve, for the normal 
air pressure can press with only enough 
force to maintain a water column of that 
height. A force pump overcomes these 
drawbacks. 

I'he force pump also consists of a cylinder, 
piston, and pipe reaching down to the w'ater 
supply. It also has a valve Avhich lets water 
enter the cylinder and docs not let it return. 
However, there is no valve in the piston, 
which is entirely solid. From the low^er end 
of the cylinder a second pipe emerges and 
goes to an air chamber, 'fhe entrance to 
this chamber is blocked with a valve that 
lets water in, but not out. From the lower 
end of the air chamber, another pipe carries 
the water to a roof tank or to a hose. 

During the upstroke, water enters the 
cylinder as in the lift pump. The dowm- 
stroke which follows pushes the water into' 
the air chamber. There the air is compressed. 
Each succeeding downstroke compresses this 
air still more. The valve on the air chamber 


keeps both the water and the compressed 
air within the chamber. When the main 
supply valve is opened, the air pressure 
forces water to the tank or out through the 
hose. The stream is a steady one, for the 
air in the chamber expands steadily. The 
height to which the water may be forced 
depends entirely upon how much the air is 
compressed; and that depends upon how 
hard and how long the j)iston is operated 
and upon the strength of the air chamber. 

Although the two types of pumps de- 
scribed above are used chiefly for pumping 
water, the principle underlying their action 
is the same when applied to removing air 
from a vessel or to crowding more air into 
a given space. In an air exhaust pump, the 
pipe leading to the cylinder is attached to 
the ve.ssel from which the air is to be drawn. 
During the upstroke, the air from the vessel 
rushes into the cylinder; and during the 
downstroke, this air is expelled into the 
room. Ctmtinued movement of the piston 
exhausts the air in the vessel. Good pumps 
can produce an almost perfect vacuum. 

If, instead of expelling the air as described 
above, the air is forced to enter a tank, the 
device acts like an air-comi)ressor pump. 
In this case, the air which is crowded into 
the tank comes from the room. The valve 
action in air ])umps is the same as in water 
I)unips, although air valves are more care- 
fully fitted and adjusted. 

But there are certain t>pes of pumps, 
much used nowadays, which have neither 
pistons nor valves. Of these, w’e may men- 
tion the centrifugal (sen-trif'u-gal) pump 
and the rotary pump. 

The first of these consists of a W’heel carry- 
ing curved blades. The wheel usually turns 
at a tremendous speed and sweeps into 
pipes the liquid or the gas that is being 
I)umj>cd. The action is much like that of 
an electric fan or of a propeller. The great 
value of the centrifugal pump is that it may 
be used to move liquids containing solids. 

The second valvelcss and pistonless pump 
is known as a rotary pump. Here, gearlike 
wheels enmesh, rotating rather slowdy. The 
device is especially useful for pumping heavy, 
sticky liquids, like molasses and tar. 
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THE WEIGHT OF VARIOUS SUBSTANCES 



How to find out if the King’s crown was made of pure 
gold I that was Archimedes’ problem. He had no- 
ticed that a certain amount of water was pushed out 
of a brimming tub of water when he entered it. In 
the picture you see him immersing the King’s crown 


in a large vessel so arranged that the water will over- 
flow into another bowl. By catching and weighing the 
displaced water and comparing it with the weight of 
the crown in water, Archimedes solved his difficult 
problem. Our story will explain the whole matter to you. 


WHAT IS the HEAVIEST THING in the WORLD? 
And What Is the Lightest? And How Do We Measure the 
Weights of All Sorts of Things? 


0 FLOAT and swim in water must 
have come easily and naturally to 
man. All about him lie sees objects 
that bob u[) to the surface when they fall in. 
He sees creatures tliat make their homes in 
water and others that can, when occasion 
tlemands, jump in and swim. What brave 
soul it was who first dared to imitate animals 
by lloating in a lake or stream, will never be 
known. At any rate, the art of moving 
about on water goes back to the earliest time 
of which there is record. Through trial and 
error and, in recent years, by means of 
scientific exiieriment, this art developed 
tremendously. l\>-day, transjiortation by 
water is an important and necessary busi- 
ness, free of most of the dangers and losses 
that beset the navigators of old. 

On the other hand, the history of navi- 
gating the air presents quite a different 
picture. It has been ^Try difiicult for man 
to leave the solid earth. He lives in an ocean 
of air; but his feet arc ever on the ground. 
True, he has many examples about him of 
insects and birds that lly; but ht‘ does not 


.serioush' altemjit to imitate them because 
he has no wings. In fact, what little effort 
at imitation he made in the past only served 
to confirm his belief in the impossibility of 
rising from the ground. \ot only does he 
lack wings, but his muscles are too weak to 
flap vrings, if he had them. Man is not so 
strong as birds in pro[)ortion to his weight. 
It look a long lime for the idea to be born 
that wings do not need to be flapped and 
that one can stay aloft by means which 
Nature, in all of her many exiK*riments with 
plants and animals, has never employed. 

Now' what were these means, invented b> 
man as an improvement on .Nature lierself? 
Briefly, it may be said that man learned why 
bo<lies float in water and ai)plied this know l- 
edge to make bodies float in air. 

The first balloon that ever rose from the 
ground did so in the year 1783. It was a 
crude affair, sent up for amusement rather 
than for any serious purpose. The persons 
responsible were Stephen and Joseph Mont- 
golfier (moX'gorfyaO, two Frenchmen who 
owned a paper business. It had occured to 
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them that if “smoke’' could be inclosed in a feet. Another hold 
large paper bag, the bag might lloat like a “smoke” rose i,ooo 
cloud; for did not clouds seem to be masses they gave a public ( 
of “smoke”? larger bag; when it 

Having plenty of paper with which to ex- to a height of 6,000 

periment, they con- ^ 

structed spherical h y. , 

bags open at the 

bottom. In order to ^ 

fill them with smoke, ^ -Vn.' v n i « 

they burned paper . ‘ JitiiV-' ' 

Ixmcath^ ^the open- ^ ^ 

to ' 

ceiling. The brothers 

were astonished and ^ • \ 

delighted, and called / utr u'lnch i;, he^^i^icr ihun Ihc 

in their friends to see i ir;!!?’'' trr,/''" ' ' ' 


'i hi iitr u'lncJi 
t'allooH rf-t'^nev the 

Mi/ki ti'.W i\r 


feet. Another holding 2,300 cubic feet of 
“smoke” rose 1,000 feet. On June 5, 1783, 
they gave a public exhibition with an even 
larger bag; when it was released, it shot up 
to a height of 6,000 feet before it began to 
„ come down. 

rrMa>up«>ardp,e»ure. 

Kings and queens 
were interested and 
invited the Mont- 
_ golfiers to build even 

larger bags. On 
September 19, 1783, 
8- balloon w’hich 
mjj^^ weighed 1,000 

pounds and carried 
\ X as jiassengcrs a d iick , 

heeler ikun ihc a rooster, and a 

jtjf//. sheep, reached a 



A block of wood is resting at the bottom 
of a jar of water. The water it displaces 
is pushing it upward; but the weight of 
the coins overcomes this push and holds 
the wood down. 


The balloon 
rises because 
the weight of 
the air it 
displaces 
is greater 
than the 
weight of the 
balloon itself. 
When it 
reaches an 
elevation 
where the air 
is less dense, 
the displaced 
air will exactly 
equal the 
weight of the 
balloon. At 
this point the 
balloon comes 
to rest. 


the new toy. Had they realized that from 
these small beginnings would come the 
modern dirigible, and that 149 years later 
Professor Piccard (pe'kar') would use a 
balloon to explore the atmosi)herc more than 
ten miles above the earth’s surface, they 
might have thought of their work as some- 
thing more than an innocent recreation. 

Friends urged the two brothers to float 
their balloons out in the open; and soon the 
two were sending bags up to heights of 70 
feet. Success spurred them on. A balloon 
with a capacity of 600 cubic feet rose 700 



Take a pencil and slide off one of the coins 
in the pile shown at the left above. Then 
slide off another. If you continue this, 
the upward push of the water on the wood 
will soon overcome the weight of the re- 
maining coins, with the result shown in 
the picture above. 


height of 1,500 feet. It landed two miles 
from the starting place without injuring the 
animals in the slightest. The lime liad come 
for man himself to climb into the basket for 
a pioneer trip in the ocean of air. 

Two persons volunteered to make the 
aerial voyage. They were the Marquis 
d’Arlandcs (dar' 16 NdO and Monsier dos 
Rozicr (d6 ro'zya^). Cheered by thousands 
of sj)ectators, the balloon with its human 
cargo made the ascent on November 21, 
1783- It rose to a height of 3,000 feet and 
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,was carried along by the wind over the 
streets of Paris. After about twenty-five 
minutes of flight and a voyage of some two 
miles, it came to earth. Had they wished, 
the passengers could have gone three times 
as far, for two- thirds of their fuel still re- 
mained. 'Fhe fuel, of course, consisted of 
pai)er and rags, which were burned O 
underneath the ])aj)er balloon in order \ f 
to fill it with smoke and hot air. VI 

A stone sinks and a cork tloats. A V 
man falls to the ^ 

ground, but a balloon 
rises in the air. Tf a 
satisfactory explana- T 
lion can be found for , , 

the behavior of sub- ' ’ 

stances immersed in 
water, the same e\- 
jilanatioii will serve 
for bodies immersed in j l 
air. Let us consider 11 

this point in some dc- 
tiiil- ^ , 

rrti 1 1 1 r First balance the scales 

Throw’ a block, of attached to each arm of 

wood into a jar of wa- of the weights with ' 
, y . turc. The balance IS dost 

Icr. Iinmedjatoly it in a liquid loses weight 

iliwts to the top. Try 

to push it under and 

you find that you must exert a force. Weight 

it down with a few' coins and it rests on the 

bottom. Remove (me or two of the coins 

and the block lifts those remaining, as 


the wind over the together serve only to sciueeze the block 
about tw’enty-fivc somewhat. The same thing is true of the 
voyage of some two water pressures exerted on the other tw’o 
Had they wished, sides. But the water pressure down upon 
ve gone three times the top surface is less than that exerted up- 
f their fuel still re- ward upon the bottom surface, since the 
course, consisted of bottom surface is lower down in the liquid, 
were burned O Consequently, there is an upward lifting 
lloon in order \ f force exert ctl by the water on the block of 
hot air. VI 

ork tloats. A V ^,| ^^***"*'*1 At this point one may ask, 

\ “How about a stone im- 
ft mersed in water? Does not 
y the liquid exert a lifting force 
'' Why, then, 

I , ^ does it sink?^^ The 

\ w'ater does exert a lift- 
^HD|| ing force on the stone 
and on any immersed 
object w’hatsoevcr; but 
j L ‘ .. in the case of a stone, 

II this lifting force is not 

** enough to over- 

come the stone’s 

First balance the scales with a one-pound weight • v. Qf^riAic 
attached to each arm of the scales. Then surround weigni. oione is 
one of the weights with water, as shown in the pic- heavier than wood, 
ture. The balance is destroyed: for a body immersed ^ i. i_ 

in a liquid loses weight. The displaced liquid, in But anyone WHO nas 
trying to return to the space it occupied, pushes ^n anchor Out of 

the body upward. _ , , 

the water knows that 

xort a force. Weight it is easier to lift the anchor while it is still 
s and it rests on the immersed. The lifting force of the water 
or two of the coins helps you. This help ceases when the 
hose remaining, as anchor comes above the surface. 


it rises lo the top. (k'rlainl}’ the block 
itself has not Ihc iiower to lift things. 
Then it must be the fact of its licing in 
water that is rcsiwnsiblc. But what has 
immersion in a liquid got to do with it? 
Just this: when the block is placed in the 
water, it must occupy some space. The 
water and the block cannot occupy the same 
space at the same time. So the block j)ushcs 
the water aside in making room for it.self. 
The water, in try ing to get back to where it 
was at first, exerts a pressure iqxin every 
side of the block— left, right, front, back, 
top, and bottom. 

How much is this pressure? That de- 
pends upon how far below’ the surface the 
block is pushed. But the pressure toward 
the left is exactly equal and opposite to the 
pressure toward the right. The tw’o forces 


Why a Balloon Rises 

Now let us consider a man and a balloon, 
both immersed in air. The man’s body 
pushes the air aside in order to make room 
for itself. So does the balloon. The air, in 
trying lo get back to w'here it was at first, 
presses in all directions upon the man and 
upon the balloon. T'or the same reason as 
W'as pointed out in the case of the block of 
w'ood immersed in water, the upw’ard air 
pressure upon man and balloon is somewhat 
greater than the downward air pressure. So 
the air exerts a lifting force upon both the 
man and the balloon. In the case of the man 
this lifting force is less than his weight; so he 
remains on the ground, weighing slightly less 
than he would in a vacuum. In the case of 
the balloon, the lifting force is greater than 
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the balloon’s weight; and so tlie balloon 
rises. 

Archimedes (ar'ki-me'dez) was a Greek 
philosopher living from about 287 to 212 B.C. 
In many ways he was a modern scientist, for 
he believed in experimentation and devoted 
a good part of his life to the di.scoverv of 
truth by pmting 

lifting force t^^^ ||||^ 

It happened in I, 

this way: 

The King had 

a * 

crown as a gift : 

but he had - 


or damage it in any way.’ 


it did in the air. Each different kind, 
of substance lost a different fraction of Hs 
weight when immersed. Iron lost about 
one-seventh of its weight when immersed; 
lead, about one-eleventh; copper, about one- 
ninth; and pure gold, about one-twentieth. 
Each of these substances, therefore, sank. 

Wood lost all of 
its weight and 
tloated.^ 

I caught* the <lis- 

He compared 
this weight with 
the weight of 
the crown in air 

.cube of solid lead ”’='1 ihc fraction 

ter. Note that it was /arf^rr than one-lwen- 

nlhTl'econ’ri.r" tioth. IT..u,lly, hf nn- 




reason to be suspicious ,.f 1„ u,* jar «f the left a cube of solid le.d ”’='1 the fraction 

the quality of gold of which is immersed in water. Note that it was lar^^er than one-lwen- 

the crown was made. “Can «s®^iSVo"a“!“'ln®thTMconrjar" I’roudly, he an- 

vou find out,” he said to the same piece of lead has been ham- noiinced to the King that ihe 
Archimedes, “whether this it floats and can carry, in addition, the gn 1 was not pure. I he crown 

crown is made of pure gold? sails and the rigging. The explanation contained baser metals than 
^ , IS that it can now displace more water. 

But do not destroy the crown in fact, the boat sinks to such a depth gold. 

or damage it in any way.” S'eYghl'toftS'wrighTof'tt.e bo\“*!ind O*"" 


Eor a long while Archimedes ail that it carries. The increased cstec 


was puzzled as to what to do. the overflow' 
Then, according to the story, 
an idea came to him while he w^as taking a 
bath. He noticed that when he stejipcd into 
a tub w’hich was brimming, a certain amount 
of w^atcr was pu.shed out to make room for his 
body. Also, he noticed that the water lifted 
him with just enough force to enable him to 
float. When he weighed the water that was 
pushed out, he found it to be almost extactly 
the amount which his body weighed. That 
was interesting; for by weighing tlic dis- 
placed water, he could tell exact!} how much 
w'as the uplifting force of the water. He 
tried a block of w'ood and found that if it 
puslied out one i>ound of water, then the 
entire block weighed one pound. Fn the 
case of a stone, he found that if the displaced 
water weighed one pound, then the stone 
weighed one pound less in the water than 


amount of displaced water is seen in 
the overflow jar at the right. 


Our readers ma)' be inter- 
tec I to know that Archi- 


r at the light.^*' medes was so excited when 
the idea came to him that he 
ran through the streets, shouting, “Eureka!” 
The word, in Greek, means “I have found 
it !’’ 'Fo this day we use the ex])rcs.sion 
“Eureka!” when we have solved some knotty 
problem. 

The Great Law of Archimedes 

Of course Archimedes might well be 
pleased at serving his king; but the world is 
far more grateful to him than the King 
could he, for a law of science had been estab- 
lished --the T.^aw’ of Archimedes. In simple 
words the law might lx; stated thus: I'he 
lifting force exerted by liquids and gases 
upon bodies immersed in them, is exactly 
equal to the weight of liquid or gas which 
these bodies displace. 

As a result of Archimedes’ experiments, 
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like an airplane, it maintains a desired level of two miles must displace 2,000 cubic yards 
by turning a prop)eller which drives it for- of air in order to stay afloat. If its displade- 
ward. Also like an airplane, it manipulates ment is only 1,000 cubic yards, it sinks until 
horizontal rudders, called elevators, by a level is reached where the air weighs more, 
means of which the _ At a mile above the 


direction of its mo- 
tion may be 
changed up or 
down. 

People some- 
times wonder if a 
ship that sinks in 
very deep water 
does not descend to 



earth, 1,000 cubic 
yards of displaced 
air may weigh i,- 
000 jDounds; and so 
the 1,000-pound 
balloon comes to 
rest and floats at 
that point. 

A cork floats be- 


a point somewhat 
higher than the 
bottom and stop 
therq. They point 
to a balloon which 
sinks to a certain 
level in the air, 
where it remains 
poised and motion- 
less. But the no- 
tion is wrong; 
bodies sinking in 
water sink all the 
way to the bottom. 
The reason for this 



cause it weighs less 
than the water 
which it would dis- 
j)lace if immersed. 
In fact, it bobs up 
above the surface, 
submerged only to 
a dei)lh at which 
the displaced water 
weighs as much as 
the cork weighs in 
air. Even a solid 
lump of iron can 
float — if it is placed 
in a dish of mei- 


differcnce between 
bodies in water and 
bodies in air is that 
^jater is practically 
incompressible, 
while air is very 
compressible in- 
deed. Thus, a dis- 



cury; for the mer- 
cury displace(l 
weighs as much as 
the lumj^ of iron. 

When water 
freezes, it cxjxinds; 
so ice weighs less 
than water. A gal- 


placed cubic foot Ion of water weighs 

. , nave jruu vvci wuuucicu wua% wanes n |ivssiuic lui a suuiua- . 

of water, near the rine to sink and rise in the water? The principle is very simple; about ten per cent 
GiirfQ/'o wAicrVie when the submarine wants to sink, it takes in water; and when ihnn nn I'ninl 

surface, weighs « want, to rise, U let. the water oit .giun. Our two UtUe men more than an l qudl 

about 62 pounds, in the tank will show you the principle of it — in a simple way, volume of ice. 

course. Ai is a submarine afloat Like the tank shown in ;c 

cubic foot of wa- ^2, the submarine is empty of water and therefore is floating. ^ 

ter at a point a mile At Br the submarine has taken in water and is sinking; it is bergS float. As in 
u -a if as if the two men in the tank (B2) had let in a little water. 0 £ .1^ ^ 

beneath the sur- course they begin to sink, “^^en they have let in still mors with a 

face, weighs prac- water (C2), ttey go rapidly to the bottom, as the submarine has cork in water or 

. ’ p ^ done on taking in more water (Cx). In D2 the two men have . 

tically the same, shoved all the water from the tank and are rising; and also ths iron in mercury, an 

In the case of air, Bubmarin. (Di). it took in. i« iceberg sinks to 


““f mounting to 

it is quite different. 

A cubic yard of air at a height of two miles 
weighs, perhaps, one-half pound ; at a height 
of one mile a cubic yard may weigh one 
poimd. So a 1,000-pound balloon at a height 


such a depth that 
it displaces an amount of water equal to the 
iceberg’s entire weight. It is not often under- 
stood that eight-ninths of an iceberg is under 
water. 
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Smoke goes up the chimney because it is 
made up of minute particles floating in 
heated gases. The hot gases are lighter than 
air because the heat has expanded their 
volume. Since these gases displace an 
amount of air which weighs more than they 
weigh themselves, they are lifted upward 
in the usual way. 

The Gases Used in Balloons 

When the Montgolfier brothers filled their 
paper bags witli smoke, they made use of 
these heated gases. Some years later, when 
the Montgolfier method of floating balloons 
seemed too dangerous, a search began for a 
gas which, even when cold, was lighter than 
air. With such a gas, maif could rise higher 
and stay longer. The search led to the gas 
we call hydrogen (hl'dro-jen), which is the 
lightest substance in the world. Its weight 
is about onc-fifteenth the weight of air. A 
hundred and fifty pounds of hydrogen gas 
would inflate a bag till it occupied about 

1.000 cjbir yards. Such a bag disjdaces 
T,ooo culnc yards of air, which, at sea level, 
might weigh 2,000 pounds. 'J'he u])li fling 
force acting on the balloon wouhl then be 

2.000 pounds, which is more than enough to 
push up the bag, the 150 jiounds of hydrogen. 


search for some other gas. Recently air- 
ships have been filled with the gas called 
helium, which is very light, though not so 
light as h^^drogen. Helium is about onc- 
seventh as heavy as air. Of course, when 
great heights are to be explored balloons are 
filled with hydrogen, as was the case when 
Professor Piccard made his ascent of more 
than ten miles. 

It is often said that no one can ever drown 
in (ireat Salt Lake or in the Dead Sea. As 
we know, these bodies of water are extremely 
salty; and salt water is heavier than fresh 
water. A person immersed in salt water 
docs not need to sink so far as in fresh water 
before he displaces his own wx*ight of the 
liquid. So it is easy to swim and easy to 
lloat in Great Salt Lake and in the Red Sea. 

A Test for Fresh Eggs 

Wc know' a man who tests the freshness 
of eggs with a jar of salt w'aler. If the egg 
sinks quickly, it is fresh; if it sinks slowly, or 
if it floats, it is bad. The test i.s based upon 
fhc fac t that as an egg grow s stale, it generates 
gases and loses some of its substance through 
the pores of the shell. Becoming lighter and 
yet retaining its volume, the egg tends to 
float. This is a sim[)le lest to use at home. 


the basket, and the passi-nger. A particle of dust is usually 

The balloon would ribe until ing of a balloon race. All five bal- a solid piece of matter, heavier 

the air displaced weighed just Murs“Se f^an air. Tt is very small, of 

the .same as ihe hvdrogen, the wind is the driving force for all of course; but it also displaces 

, 1 II .1 X ".1 I them. If all the balloons are re- / ., 

bag, and all that the bag car- quired to be of the same total very 111 lie air. Why does it 

ried. •» o' norsink to the ground? The 

When dirigibles were iirst bag, it will be only balloon con- same (.[uestion may be asked of 
constructed, they were filled tf?winnen*^ deter- ^v^q^r parliclcs that 

w'ilh hydrogen; but hydrogen gather in large numbers and 

is inflammable, and many ter- * float as clouds. It 

ribic accidents oc larger dust 

curred. This specks and the 

resulted in a 
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rain drops (hat fall to earth. The only 
satisfactory explanation which can be given 
is that these heavy particles do sink. Vet 
as they start their fall, the force of friction 
retards their movement to such an extent 
that they stay suspended for a very long 
time. Why docs not this happen to rain 
drops also? Because the surface of such a 
drop is small in proportion to its weight. 
The same drop broken into a thousantl 
smaller particles presents a much larger rub- 
bing surface for the force a 
of friction. Perhaps this I 
idea can be made clearer ® 
by considering the fall of a ]] 


is heavier than an equal volume of water. 

Tf the weight of the entire earth, with 
everything that it contains, were compared 
with the weight of an equal .sphere made 
entirely of i)ure waiter, we should find that 
the earth is five and one-half times heavier. 
That is to say, the .specific gravity of the 
earth as a whole is about 5.5. 

We know that hydrogen is the lightest 
thing on earth. What is the heaviest? 'fhere 
is some question about this. Considering the 
weight of single atoms, the j^rize goes to an 
element called uranium (u-ra'ni-um). As 
nearly as can be measured, however, the 
atoms of uranium do not pack as closely 


parachute. As the 
parachute droj^s 
from an airplane, 
before opening, it L'e- 
haves like any other 
falling body; but 
when it sjireads out 
and presents its huge 
surface to the pass- 
ing air, the great 
umbrella settles 
slowly to the ground. 

In a sense, it is 
quite useless to say 
that wood is lighter 
than iron or that 
iron is lighter than 
w'ood; because one 
must first know how 
large a piece of wood 




Lower a hydrom- 

eter into a jar of 

water and make a WMKHm 

mark on the stem at the surface of the 
water. Call this Since milk is a rAcoiiwc 

slightly heavier liquid than water, the v ^ l Nt 
hydrometer will not sink so deep in milk. The specific 
gravity of milk is about 1.03. If lowered into gasoline, 
the hydrometer will sink deeper than it does in water, for 
gasoline is lighter than water. The specific gravity of 
gasoline is about 0.68. 


as do the att)ms of some other substaiice.s. 

* 'J’he substance with the 

i s higliest si)ecific gravity is 
8 one called osmium 
r , S (os'mi-uni). 

ip "1 •' ‘I liquifl is 

► heavy, a body im- 
S mersed in it will not 
sink very deep. Tf 
liquid is light, 

" ^ ^ deei)er or t‘ven go to 

K ^ l)otlom. lienee, 

? of the ^ ^ de|)lli to which 

S 5 0 line ;ilb>a!ing body sinks 

ep’inmilk. The specific a given Ihjuid is a 
If lowered into gasoline, measure* of its cleii- 
than it does in water, for 
The specific gravity of sii])])()se 

•uto.68. a weighted glass 

tube is allowed to 


is in question and how large a piece of iron, lloat in water. Let the j^oint to which it 
Of course a thumb tack made of iron is sinks be marked “1.000.” 'fbal intlicalt's 


lighter than a chair made of wood. But if 
we compare equal volumes of wood and iron, 
then it is fair to .say that wood is lighter 
than iron. In order to avoid any misunder- 
standing, the man of science compares the 
weight of any substance with the weight of 
an equal volume of water. 1’hus, a cubic 
inch of iron is about seven times heavier 
than a cubic inch of water. In the same 
way, copper is nine times as heavy as water; 
and lead eleven times as heavy. Gold is 
nearly twenty times as heavy as water; and 
so on with other metals. “Specific gravity” 
is the number of times any given substance 


that the spc'cific gravity of water is i.ooo. 
The .same weighted tube lloated in glycerin 
will bob up higher, for glycerin is a heavier- 
liquid. Mark the new point “1.300,” which 
is the .specific gravity of glycerin. Tn car- 
bona, the lube bobs up still higher, to a 
point which may be marked “i.ftoo.” 

In liquids lighter than water, the tube 
sinks lower. Tn alcohol, the jioint to which 
it sinks is marked “0.800.” fn gasoline, the 
point is “0.68.” Thus the w^eighted tube 
becomes an instrument for measuring the 
specific gravities of liquids. Tl is called a 
hydrometer (hi-dr6m'e-ter). 
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Reading Unit 
No. 24 


WHY A HOT THINCi IS BIOGER THAN A 

GOLD ONE 


Nofr: For basic injorniation 
not jottnd on this pafi(\ consult 
thi general Index, Vol. i §. 

Interesting i 
Keeping the home iU a constant 
temperature, 1-476 
AuU)malic hot-water heating, i- 
477 

The gas refrigerator, i 477 
Why railroad tracks have spaces 

Things to 

Why may railroad trains he 
wrecked if spaces are nt>t left 
between the rails in the trick.'" 
How docs a thermostat control 
temperature? 

Picture 

Hf)w does a chimncN' do its work? 
1--4S1 

How does exfxinsion and contrac- 
tion affect the construction of 

Related 

How do l)Iacksmiths remove and 
reidace iron wheel rims? i 

470 

How is a building air-condi- 
tionefl? I 40<), 10 510 

How does the air thermometer 
measure changes in tempera- 
ture? I 

H<nv is temperature regulated? 
10-3S5 

* Practical 
How is the air in cold radiators 
removed in order to allow for 
the entrance of steam? i 479 

T eis u re~ti m e 
PROJKC T XO. 1 : Show your 
friends that w^ater expands when 
heated, i 481-82. 


For statistical and current facts, 
consult the Richards Year Book 
Index, 

^acts Explained 

between the ends of rail sec- 
tions, I 478 

Heating systems, i -480 
Cooling welter and its volume, i— 
482-83 

Winds. I 483 
dnk About 

Why tlo sidewalks sometimes 
crack and buckle? 

What makes hot w’ater flow 
through pipes without the aid 
of pumps? 

Hunt 

airships? 1-482 
How does the air valve on a steam 
radiator operate? 1-479 

\Iateriid 

How does a hot-water heating 
system operate? 1-398 
How is the expansion and con- 
traction of cables on .suspen- 
sion bridges taken into account 
in the building of the bridge? 
1-478 

How do expansion and contrac- 
tion produce air currents? i- 
222-25 

4 pplications 

How is the contraction of cool- 
ing metals useful in building 
construction? i -479 

A ctivities 

PR(\ 1 ECT NO. 2. :Make a 
thermostat from a strip i>f iron 
and a strip of copper, 1-480. 
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Our boy is so intent upon 
getting his ball away from 
the dog that he is forget- 
ting to watch where he is 
going. Perhaps he does 
not realize that the best- 
laid cement walk may 
develop cracks and 
bumps, as this walk has 
done. When the heat of 
the summer sun beats 
down upon the sidewalk, 
the concrete expands. If 
the ruled spaces between 
“boxes” is too small to 
accommodate this ex- 
pansion, the concrete 
must buckle and crack. 


!•> ir A .troim Kiilierln 


WHY a HOT THING IS BIGGER than a COLD ONE 

And How We Use This Fact of Nature in Making 
Many a Machine 


HEN Fred invited Bob to visit his 
new home, he knew that what would 
interest his friend most would be the 
many new scientific appliances with which 
the house was fitted. And so, at the first 
opportunity, Fred took his guest in tow for 
a tour from cellar to attic. 

‘‘Do you know',” .said he, “that three of 
the most important conveniences in this 
place depend upon a very simiile principle 
of science? Perhaps you can guess what this 
principle is if I show you these th . ee features 
of our house. 

“In the first place, no room in the house 
ran get colder than we want it to be. I like 
my room cool; .so T set this little pointer on 
the wall at 64 degrees. Only w’hen the tem- 
perature drops below 64 does steam begin 
to wrarm up the room. When 64 degrees is 


reached the radiator is shut off. It never 
fails. In the room next door, my sister keeps 
the temperature always at 70 degrees. If 
no heat is needed anywhere in the house, the 
oil stoj)s flowing into the furnace burner. 
Just as soon as any room upstairs grows a 
bit colder than the temjieralurc for W'hich 
the occupant has set the {lointer, oil begins 
to flow to !he burner; and in a jiffy the fire 
is making lots of steam. 

“The second great convenience in our 
house is also a form of heat. We can have 
all the hot water w'c want, at any time of 
the day or night w'e want it. The surprising 
thing is that this constant supply costs us 
less in fuel than the awkward arrangement 
we had in the old house. We never burn 
fuel for hot w'ater except when we turn on 
the “hot” faucet. Doing that causes a great 
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rush of gas in the water heater. As soon as 
.flic faucet is shut off, the gas stops llowing 
and the flame dies down. Only a tiny 
light remains, ready to ignite the gas if 
someone upstairs should open a 
faucet for hot water. 

“The third convenience 1 
want to show you is the gas 
refrigerator. This too works 
automatically. When the air 
inside the box gets warmer than 
40 degrees, a rush of gas to the 
flame below soon starts 
ing device ‘inside the box 


IS to the ' 
)x. 1 1 IS 5 


certainly a wonderful thing to 
see a burning gas flame make 
water freeze into ice. 

“Now, what do you suppose 
is the mechanism which op- 
erates all three of these con- 
veniences? Let me show you. 
Come down to my laboratory in 
the cellar where I have 
rangc/i an ui teres t- 
ing experiment.’^ coio water/ 
bred’s experiment enters here 
was very simple. 

I'irst he showed Bol) a metal 
ball fastened to a rod embedded 
at one end in a wooden handle. 
The ball fitted nicely through 
a metal ring which wxis similarly 
fitted with a handle. Then, 
Fred heated the ball in a candle 


showed me? I didn’t see any ball in them.” 
“Everything,” was the reply. “Let us 
take the device which keeps the room 
always warmer than a certain tempera- 
ture. When I set the pointer at 
*64,’ a screw puts a certain 
amount of tension on a strip of 
metal. You will notice that the 
strip can make contact with a 
small knob. 1 f contact is made, 
an electric current flows to a 
motor below and fuel is forced 
into the furnace. Hut the con- 
tact is not made unless the 
room cools dowm to 64 degrees 
or below. The tension of the 
screw keeps the metal 
strip away from the 
knob. But the metal 
shrinks when it cools 
and in doing so bends 
over to touch the knob. 
Then the room is 
warmed; but soon the metal 
strip expands and breaks 
away from the contact knob. 
This stops the motor, the 
fuel .sui)i)ly is shut off and 
steam stops coming into the 
radiators. 

“In the case of the hot water 
supply, a similar device regu- 
lates the flow of gas to the 
heater. Next to the pipe which 
leads to the ‘hot’ faucet there is 
a rod. When the faucet is 
Evidently top of the tank, and as cold wa- turned on, cold water flows and 



From the diagram above you 
. , , roay learn how a gas water- 

flame. When he tried to pu^h heater works. First, the gas 

the ball through the ring, the to Si 

ball stuck tight. Evidently top of the tank, and as cold wa- 

heating the ball had expanded the *tonk* dow^ to^ ttMTlevel the rod is cooled. Cooling makes 
it somewhat. In order to make * 5 ?,® P*^® ^***^*^1 faucet, rod shrink. A catch is then 

. . .1 1 ^ I 11 Of course as hot water IS drawn 1 i.- 1 ^ / 11 

the ring pass over the hot ball, out, fresh cold water is let into released which turns on a lull 

Fred now heated the ring. ] 5 ut toSfc”witointhe*’blMk It 

plunging the ring into a jar of the picture is the automatic de- di>cs not take long for the flame 
water caused it to shrink again, whence water^a^chera cer- warm the heating coil; so 

Only when the ball too was tain high temperature. It turns that hot water soon rises to the 

to a certain temperature; so that faucet. '\ hen the faucet is shut 

there is always hot watw with- the hot water accumulates 
out a waste of gas. This delicate , 11.1 

device is a kind of thermostat; and warms the rod, which ex- 


pass 


cooled in wxitcr, did it 
through the ring again. 

“Why, T know what this 

shows,” said Bob. “We learned _ _ 

about this in school. Heating pand when they are heated and ofl the gas. 
causes a piece of metal to ex- "® ®°®*®*^* the refrigerator, too, a 

j)and and cooling causes it to contract. But piece of metal e\i)ands and shrinks as the 

what has all this to do with the things you temperature changes. When the inside of the 


The expanding rod shuts 
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Straight and smooth this railroad track stretches away 
into the distance, and over its firm rails the trains 
will speed at ninety miles an hour. But that is pos- 
sible only because at every point where two rails 
meet a little space has been left between them, to 
allow for the amount that the rails will expand under 

box grows w^iirmer than 40 degrees, the ex- 
pansion causes more gas to How to the burner 
below. The hotter the llame behnv, the pilder 
it gets inside the box. Soon it gets cold 
enough, and then the shrinking piece of 
metal shuts off the full flow of gas.” 

The story is told of an unfortunate rail- 
road accident in which a twisted rail threw 
a train off the track. It seems that new 
rails had been laid on a rather cold day. 
The different sections, each about twenty 
feet long, stretched end to end for about a 
quarter of a mile. Several months after the 
work was completed, on a warm summer 
day, a train was sent out to make a trial run 
over the new rails. Everything went well 
for a time; so the engineer put on full steam 
and grew quite unconcerned about the track 
ahead. The locomotive sped on at sixty 
miles an hour toward the fatal quarter mile 
of new rails. There the steel had expanded 
in the warmth of the summer sun. Since 
the twenty-foot lengths were touching end 


the summer sun. If it were not for those little gaps, 
indicated by the circles in the picture above, the 
crowded rails would buckle and wreck the first train 
that passed. It is those little breaks in the rails that 
cause the regular “click’’ of the wheels and the tiny 
jolts when a train is in motion. 

to end, there was no space in whicli the rails 
could expand Hence ihey had bucklerl, 
twisting upward aial sidewise in .sevtTal 
places, and tearing the bolts from the lies. 
Without warning the wheels slipj)ed from the 
track. The train lurched to one sifle and 
toj)ple<l with a crash over an embankment. 

Of course the c*iiise of the accident was 
the failure of the wc^rkmen to realize that 
solids ex[)and as they absorb heat. Now- 
adays such errors are carefully clieckcd be- 
fore an}' train is S(;nt over a newly laid track. 

The l)eautiful span across the Hudson 
River — the famous George Washington 
Memorial 11 ridge — hangs from four huge 
cables. Each cable contains 6t strands and 
each strand is made up of 434 steel wires, 
each about the thickness of a lead pencil. 
In the cables alone there are more than 
100,000 miles of wire. In winter this wire 
shrinks; in summer it expands. As the 
length increases, the remdway sags; as it 
shortens, the roadway rises. Of course all 


478 



EXPANSION AND CONTRACTION 


this is hardly seen by the ordinary observer; 
yet the stresses and strains caused by ex- 
pansion and contraction are very real in- 
deed. In some bridges the cables pass over 
rollers at the toj) of the towers. In others 
the towers themselves are so built that they 
can sw'ay at the top to accomodate the 
changing length of the cables. A bridge 
that docs not take proj)cr account of ex- 
pansion under heat is a very un- 
safe structure. 

Engineers w'ho design sky- 
scra])ers must also reckon w'ith 
exjxinsion caused by heat. 'Fhc 
steel girders are the skeleton 
upon which the entire buiUling 
is hung. Wherever tw'o beams 
join, a space must be left be- 
tween ends. Eurlliermorc, the 
hole through W’hich the fasltaiing 
boll is insertetl is often slotted 
to ])ermil the beam to slide for 
a little distance. It is a terril)le 
thing 11. l}iink of what might 
haj)j)en to such a structure as 
the Empire State building if its 
.skeleton of steel wen' to be fas- 
tened loo rigidly. 

Home owners are often dis- 
turbed by the a[)pearance of 
tine, irregular cracks in the con- 
crete walks about the house. 

Even w'heii the greatest care is 
taken in mixing tli(‘ cement and in laying 
the concrete, these ugly lines may develoj>. 
1 'hey tend to grow' worse with time, soon 
calling for expensive rejxiirs or re|dacement. 
Again, the chief culj)rit is expansion due to 
heat; for concrete, like any other solid, must 
exjxind as it absorl^s Iw’at and must con- 
tract as it loses heat. One reason w’hy side- 
W'alks are usually lined olf in boxes is that 
space is tliereby providi’d to allow' for ex- 
pansion. 

On our public higliways one can sec rather 
wide crat'ks at regular intervals se])ar-»ling 
the different sections of concrete road. Even 
then, sullicient allowance for expansion is 
not made; for after some two or three years 
every road shows irregular cracks in many 
places. 'Fhese are filled with jiitch and tar 
soon after they arc formed. 


Very hot tea can never be poured into a 
thick tumbler or cup without danger of 
cracking the container. Yet a thinner 
tumbler can withstand the heat better. 
The reason for this wdll be clear if wx con- 
sider again the effects of expansion from 
heat. The inside surface of the thick-walled 
tumbler gets hot first. The heat penetrates 
to the outer surface very slowly, since glass 
is a poor conductor of heat, 
y Thus the inside wall tends to 
fl expand, while the outside wall 
does not. The resulting strain 
usually cau.ses the glass to crack. 
If the wall is thin, the outer 
and inner surfaces get w'arm 
])raclically together and they 
both expand together. Then 
there is no .strain. 

Most of us have been fasci- 
nated by a riveting gang at 
w'ork jHitting uj) a steel struc- 
ture. One man keeps a furnace 
going, where steel rivets are 
made rcd-hol. When they are 
hot enough, he grabs a rivet in 
a pair of longs and throw’s it to 
another workman w’ho catches 
it clevorl}' in a pail. The rivet 
is ins('rle(l into the matched 
holes of two steel plates, and the 
compressed-air hammer soon 
squeezes a head or knob at both 
ends the rivet. When the rivet cools, 
its length shrinks, drawing the .‘^tcel plates 
iirmly together. 'J'hus, the force of con- 
traction due to CiK)litig holds together large 
units of the skeleton of a briclgc or sk>'- 
scrai)er. Bctw'cen these larger units, of 
course, space is provided for expansion. This 
has already been explained above. 

Why a Wheel Rim Was Heated 

'Fhis method of fastening steel plates re- 
minds one of a similar process, not very 
often seen now', yet very interesting as an 
ai)plication of expansion due to heat. In 
the days when horse-drawn wagons w’ere 
more common than they arc to-day, the 
blacksmith w'as often required to remove an 
iron rim from a wooden wheel. To remove 
a rim w'ithout breaking the wocxl, he ap- 



This diagram shows the small 
dome-shaped valve on a 
steam radiator. In order 
that the steam may enter the 
radiator the air must first be 
pushed out. Now the in- 
coming steam does push out 
the air through V ; but when 
the steam begins to leave the 
radiator, it heats the rod H. 
The rod expands and shuts 
off the opening at V. In this 
way the valve serves to let 
out the air but to keep the 
steam in. 
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In a one*pipe steam-heating system the same pipe 
brings steam to the radiator and takes the water — 
formed when the steam condenses - back to the boiler. 
In a two-pipe system, separate pipes are provided, one 
for bringing the steam and one for returning the water. 


In a vapor-vacuum system, there are two pipes, and a 
suction pump in the return line. The pump helps draw 
out the water and any back pressure of steam that 
there may be in the radiator. This allows new steam 
to enter the radiator under safe pressure. 


plied heat carefully to the metal. The rim with the little valve and tells us that the 
expanded and was then easily forced, off. radiator is “air-locked.’’ 

To put it on, the blacksmith would When steam comes up from 


again heat the metal hoop. En 
larged by the heat, the rim 
would fit fairly easily over the 
wheel. As it cooled, it shrank, 
forcing the spokes tightly into 
the hub. 

Every steam radiator has a 
little dome-shaped valve at- 
tached to the outside at one 
end. Its purpose is different from 
that of the main steam valve. 



the boiler, the radiator is filled with 
air. Since two things cannot oc- 
cupy the same sj)acc at the 
same time, the air must be 
j lushed out if the steam is to 
enter, 'fhe pressure of the 
steam is usually suriicient to 
do this, and the air leaves by 
way of an ojiening in the dome 
valve, liut soon the steam too 
begins to jiour out of this open- 


which is usually operated by hand This picture of an electrical threatening to fill the room 
and which controls the entrance a*compound bar vajior. Then the heat cx- 

of steam from the pipe leading to —note the U-shaped double pane Is a little rod in the vahe 
the boiler below. Our attention ^ake ^ eiectriSifMn- .stretching, causes the 

is called to the dome-shaped valve tact that will open the steam opening to shut. Sometimes a 
whenever it hisses and sputters, Thc*"thcnnwtat*may P^ece of dirt lodges in the opening 

or when the superintendent comes be set to operate at any de and the air cannot get out. Then 
up to see why the radiator is cold temperature. radiator is “air-locked” and 

in spite of the fact that there is plenty of remains cold. Again, the rod may not be 
steam in the boiler. He usually linkers properly adjusted. In that case, not only 
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air but steam may shoot out from the valve. 
.The superintendent re- 
pairs the valve by set- h" ^ 
ting the rod at just the ■ 
point where a slight ! 
expansion due to heat 
will shut the opening. 

The valve must let the 
air out but keep the , 
steam in. \ 

In very large build- 
ings the dome-shaped 
valve is usually absent, ’ 
since a special ]jump ■ 
is provided to draw out 
the air and to helj^ the 
steam to enter the 
radiators. 

The fact that differ- 
ent substances expand 
differently is the basis 
of several interesting 
devices. If a strip of 
iron ? ■ ^^’ele<i to a 
strip of eoj)iK"r and 4 
both are h e a t e d 
equally, one will try to 
expand more than tin* 
other. IIo\vev(*r, since 
the rivets prevent one 
from sliding along the 
other, the combined 
bar will bend, 'Fhc de- 
vice is called a “com- 
pound bar.” You may 
recall the explanation 
Fred gave his friend 
Bob when he told how 
it was that his house 
was kept always 
warmer than a certain j 
temperature. The V 
little pointer on tin* k 
wall, set for “64,” 
operated a metal strip ^ .. ,^5, 



iron, and iron expands more than glass. Be- 
,, low is a list of common 
substances, arranged in 
the order of rate of 
expansion. You will 
note that hard rubber 
expands most and a 
substance called “in- 
var,” which is an alloy 
of nickel and steel, ex- 
pands least. 


Hard rubber 
Oak wood (across 
fiber) 

Frozen mercury 

Lead 

Tin 

Zinc 

Aluminum 

Silver 

Cast brass 

Bronze 

Gun metal 

Coj^per 

Monel metal 

Gold 

Steel 

Nickel 

Marble 

Wrought iron 

Brick 

Platinum 

Cast iron 

(jranitc 

Glass 

Cement and 
Concrete 
Graphite 
C arbon 

Oak wood (parallel 
to fiber) 
Porcelain 
Diamond 

Invar (nickel stccB 


which bent wmen it clearly why the smoke goes up Ihe chimney. If the 

erew rnlH Thi«; mptnl chimney were taller, there would be a still longer exneri- 

grew coia. inismeiai column of air in it to expand as it grew hot. This , P.; 

Strip is a comjiound would result in a still greater difference in pressure ment you might like 

between the air in the room and the air in the chim- . ^ P-ii „„ 

bar, bending one way n^y. The greater this difference, the stronger is ^ cmptN 

or the other as it crows convection current of air which rushes upward niilk bottle cxacily 
I , ° and the faster, therefore, does the fire burn. r n r * i i 


Ko.. neiween me air in me roi 

bar, bending one way „4,y. The greater this 

or the other as it crows tli® convection current 0 
, , ° and the faster, there! 

warmer or colder. 

When heated, copper expands more than 


n ana me air in me cnixn- . ^ P-ii „„ 

iifference, the stronger is ^ cmptN 

air which rushes upward niilk bottle Cxacily 
ire, does the fire burn. r n r • i i 

full of ice-cold water. 

Then pour the water into a pot and heat 
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Photo l>j I'nited Statm N tt\ v 


The bones of a giant dirigible are here being joined traction of the metal in the cold of high altitudes and 
together with the greatest care, for on the strength of its expansion on a hot day in the hangar do not cause 
its metal skeleton the safety of the craft will largely the airships* ribs to buckle and thus bring on some 
depend. Pains must be taken to see that the con- terrible accident. 


it over a gas llame. Do not wait until 
the water boils; but when it is fairly hot, 
remove the pot from the llame. Tour the 
water back into the bottle. There will 
be more than enough to fill the bottle. 
Where did the extra water come from? Of 
course there is no extra water. The water 
has ex|janded with the heat which was added. 
If you let the water in the bottle get cold, 
you will find that it shrinks just enough to 
leave room for the rest in the pot. Other 
liquids behave like water in this respect; all 
liquids absorbing heat expand, and those 
k)sing heat contract. 

How Hot-Water Heating Is Possible 

In a mercury or kerosene thermometer, 
this fact is put to good use. The liquid in 
the bulb expands as the room gets warmer 
and shrinks as it gets cooler. The rise and 
fall of the liquid level in the stem of the 
thermometer indicates the temperature of 
the room. 

If it were not for the expansion of liquids 
as heat is added, boiling a kettle of water 


would be difficult, if not imjiossiblc. What 
hapjiens is that the layer of water in contact 
with the ])ottom vi the kettle gets hot first. 
It therefore e.xjiands. Hffcause it expands, 
it grows les.s dcMise than the water aliove it, 
and Jloats to the top. Another laycT of 
water is soon heated and that tt)o tloats to 
the top. In time the entire amount of water 
is heated. Otherwise, only the layer in con- 
tact with the bottom would boil, leaving tlie 
rest of the water cold. 

bearing all this in mind, one can under- 
stand why water at the surface of lakes and 
oceans is warmer than at the ])ottom; and 
wliy the water in a kitchen hot-water tank 
always ri.ses to the toj). In fact, this tendency 
of hot water to rise makes possiljlc the heat- 
ing of a house by the circulation of hot water 
instead of steam through the radiator pipes. 

What Happens When Water Is Cooled 

As water is cooled, it contracts. The 
colder it gets, the more it shrinks in volume. 
But only up to a certain limit! The limit is 
reached at about 39° Fahrenheit, which is 
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seven degrees warmer than freezing water. 
When water is cnolcd below 39 degrees, it 
begins to e.\'j)and again — so rapidly that by 
the time it freezes, the ire occupies about ten 
per cent more sf)acc than dirl the water from 
which it was frozen. I'hat is why ice floats. 
Tf water continued to contract, ice would be 
denser than water and would therefore sink 
to the bottom. 

U is most fortunate for the w'orld of plants 
and animals that water behaves in this 
manner. If this were not so, every stream, 
eveiy lake, and every ocean would fr(*eze 
from the bottom up instead of from the top 
clown. In time this w-ould result in solidly 
frozen lakes and oceans; for the summer heat 
could hardly penetnite more than a few' feet 
of water. What would haj)]K*n? For one 
thing, all ocean life would cease; and with it 
an important .source of food for mankind. 
Ilut an even more vital rt'sull w'ould be the 
reduction of the amount of moisture in the 
air. There wouhl be less surface water to 
evap'''.i.« As a result, rain w'ould linally 
cease to fall and plants would all die. In 
this way life depends u])on the stnmge be- 
havior of W'ater in e\jxinding rather than 
ci)nlracting after a temj)erature of 3(» de- 
grees is rt‘ached. 

Why the Montgolfier Balloon Rose 

The first balloon that ever ros(‘ from the 
surface of the earth did so b(*cause a gas 
e\|)an(led when it was heated. '1 he Moiit- 
gollier brothers were the first makers of 
balloons. The only way they knew’ of 
causing their ])a])er bag.^; It) iloat was to build 
a fire underneath the o])en ends of the bags. 
'I'he heat quickly e\j)anded the air inside 
and the bags swelled out. In this way, the 
balloon displaced a great deal of cold air. 
ITe cold air, because of its greater density, 
was heavier than the combined weight of the 
paper bag and the w^arm, expanded air which 
it (ontained. And so the bag was pushed 
ui)w\T.rd. 

It is easy to notice how^ warm air rises. 
One can feel an upward current of air by 
bending over a radiator. A pin wheel held 


o\'er a radiator wall be turned rapidl)' by the 
rising of the air. This upward flow is en- 
tirely due to the fact that w'arm, expanded 
air is less dense than the colder air which 
surrounds it. A room is healed throughout 
by a radiator in one far corner, because the 
radiator starts air flowing. As the warm air 
next the radiator expands and rises, colder 
air moves in to take its place. In time all 
the air in the room has passed the radiator 
and has absorberl some of its heat. 

How Winds Start 

On a larger scale, but in the same way, 
winds are started in the air outdoors. A 
land area strongly heated by the sun takes 
the i)}ace of the radiator. At the seashore 
the breeze usually blows in from the ocean 
during the day, since the land heats up more 
quickly in the sunshine than does the w'ater. 
Thus the exj)anded air rises from the land 
and the colder air over the water flow's in to 
take its i)lacc. At night the surface water 
of the ocean is usually warmer than the land, 
and a breeze from land to sea si)rings up. 

Of course air that is cooled contracts. In 
a refrigerator tlie air around the ice or the 
cooling (‘oil is constantly lo.sing heat. So it 
shrinks in volume, grows more dense, and 
sinks. Warmer air tak(‘.s its place. Soon a 
current of air is established which becomes 
cold(T and colder. The air at the bottom 
of the refrigerator is usually the coldest. 

A great .scientist once made a careful 
stud}’ of the rate of contraction and ex- 
pansion of gases. Tie discovered that if the 
pressure of a gas remains the same, cooling 
it t)ne degrtv Centigrade causes it to shrink 
of its volume Heating it one degree 
cau.ses an e.\j)ansion of the same amount. 
These facts led to a law* of science, which 
may be stated as follows: At a constant 
j)ressure, the volume of a gas is ahvays ])ro- 
porlional to its temperature. The tem- 
perature, in this case, is the “absolute'* 
tcmjxTature, which is the ordinary tem- 
perature plus .’73. In another story that 
has to do with all this w’e shall learn more 
about the measurement of temperatures. 
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WHAT A MAGNET GAN 1)0 

Note: For basic information For statist ic aland current facts y 

not found on this page, consult consult the Richards Year Book 
the general Index, Vol. /j. Index. 

Interesting Pacts Explained 

How long have magnets been Destroying magnets, 1-487-88 " 
known? 1—485 The magnetic compass, 1—488- 

What do magnet*? attract? i— 89 

486 The earth’s magnetism, 1—488- 

Kinds of magnets, i- 486-87 89 

Making magnets, 1—487 Electromagnets, 1- 489-91 

Things to Think About 

Why are many magnets shaped when y*)u push the button of a 

like a “U” or a horseshoe? doorbell. 

Why does a compa.ss point north? How can the strength of a magnet 
Explain what happens electrically be regulated? 

Picture Hunt 

How does a magnet behave when Explain why an electric bell 

the pole of another magnet rings, 1-490 

is brought near it? 1-487 

Related Material 

In which countries are the earth’s finding? 14-562-64 ^ 

magnetic poles located? 10- What is a radio compass? 10- 

456, 13-508 . ^21 

How does the sun affect the How may iron affect a compass? 

earth’s magnetism? 1-115 10-456 

How is a ship made to follow the How is the magnet used in telcg- 
compasa automatically? i— raphy? 10 95, 97-98 

291, 10—457 How are magnets used in tele- 

How is the compass u.sed in path- phones? i 518-20 

Practical Applicatitpns 

How does a compass depend moved? 1-489 

upon a magnet for its action? How do magnets ring our bells? 
How are large loads of iron 1-490 

Teisure~time A ctiznties 

PROJECT NO. I : Make a com- PROJEC F NO. 2 : Make an 
pass, 1-488, 10-455. electromagnet, 1-486. 

Summary Statement 

Magnets are made of iron and compass consists of a freely sus- 
steel. They attract chiefly iron pended magnet whose poles are 
and steel and, to a slight extent, attracted by the magnetic poles 
several other substances. The of the earth. 
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WHAT A MAGNET CAN DO 




The nibbing has torn away a great 
many electrons from the wool. They 
are now on the surface of the pen, 
which is therefore negatively charged. 
A charged body exerts a force of elec- 
trical attraction upon objects near it. 


This boy has rubbed his fountain pen with a piece of magnet, although, unlike a magnet, it can attract any 
wool. Now he finds that the pen can attract and hold light object, and not iron alone. In the circle you 
up pieces of paper. The pen seems to act like a see what is believed to be the reason for this. 


WHAT a MAGNET CAN DO 

From a Mere Toy, the Little Horseshoe with Its Strange Power 
Has Grown into One of the Mighty Forces on Which 
Civilization Now Rests 


0 ANY years ago a shepherd in the 
far-ofl lainl of Asia Minor was t^,acc- 
fully lending his llock. All was 
quiet as he rested on a convenient rock over- 
looking the countryside. He was idly playing 
with his metal-tipped staff, lapping here and 
there, when suddenly his curiosity was 
aroused, lliat stick of his was behaving 
strangely. Now and again it seemed harder 
to lift, after the end had touched certain 
parts of the rock. What was holding it 
down? 

At last the shcf)herd began to examine the 
rock, but he could sec nothing unusual. 
Certainly the rock was not sticky to his 
touch. Rubbing his hand over the piece of 
iron with which the rod was tipped, he found 
it neither w^et nor unusual in any other way. 
The whole thing was so surprising that he 
broke off a piece of the rock to .show to his 
friends at home. 


According to the story, this shepherd’s 
name w^as Magnes. His friends named the 
strange rock after him, calling it a “magnet.” 
Of course it is hard to say whether there is 
any truth in the story. Those who have 
looked into the matter tell us that magnets 
of this kind WTre known thousands of years 
before the time of Magnes. Tlie ancient 
Chinese, they sa}', used certain pieces of 
stone as compasses; and in the writings of 
the Greeks and Hebrew s references are made 
to “lodeslones,” which are pieces of stone 
that alw'a}'S point in the same direction when 
susi>ended freel\’ by a string. The word 
“lodcstonc” really means ^'leading stone”; 
for it can lead a person to find his way when 
he is lost. 

Whatever be the true story of the dis- 
covery that a certain kind of stone is at- 
tractive to a piece of iron, wc may imagine 
the wonder and fascination felt by the first 
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WHAT A MAGNET CAN DO 


human being to observe the fact. Jf such a 
person could have looked into the future 
and seen the wonderful inventions that have 
flowed from the study of magnets, he would 
have been still more thrilled with his dis- 
covery. Tn a 


sense, the mag- SHT*" * ” ' '* and connect the ends of the wire ‘‘All the dif- 

^ with the terminals of a dry cell. - • .1 

net IS the an- / WhUe the current is flowing the fcrcnce in the 

costor of the f ^ouscc, 

radio and of V \ broken, the magnetism is lost, magnets attract 

television Tn- 'V. making such a magnet, do fhieilv iron ** 

iLit vision, in ^ ^ wires connected cniciiy iron. 

deed, there is s?, 

little in the " 

material struc- 

ture of modern 

civilization ■' Ihing. 

which docs not In scientific 

depend upon Around a paper mailing tube laboratories it is 

* ^ , wind several hundred feet of 

magnets and cotton-covered wire. Then con- ^'^jiyfutcnni\)nrf‘d*}ir*-‘\ possible to show 

magnetism. If ,/ IhatmaKnc-.s 

we lost our is a convenient way of making 

IcnnvvlpflcTo nf magnets. A nail inserted in the 
know lecigc 01 ^ube will become a strong tem- 

them, life as we porary magnet, as it did in the 
1 • ^ • . . 1 experiment described above. A 

live 11 tO-(iay nail file or a pair of scissors in- 
would be .s<*ri- sorted in the tube will become 

, !• . I 1 a permanent magnet. J 

ously disturbed, num, chromium, 

if not stopped altogether. Let us therefore and platinum. It lias bci'ii shown also lliat 

learn as much as we can about the w’ay in most substances, oilier than iron and ihose 

w'hich magnets act. mentioned above, are slightly rep(‘lled 1)\ a 

A boy once lost a jienny when it slipped magnet. But for jiraclical piirjxises we may 

from his hand and fell through a grating in assume that magnetism is an attraction for 

the sidewalk. He could still _ ^ iron and certain iron com- 

see the coin, only tw'o feet !>» Hinds, such as steel, 

down on a ledge, but be Since we are to make a 

could not reach it. He tried study of how' magnets are 

to fish it out with a slick, used in daily life, let us first 

but could not lift it in that say something about thedif- 

way. Then he r«an home for h'rent kinds of magmds. In 

the little red horseshoe toy the first place, we can sejia- 

W'hichhisfather had recently rale the magnets that are 

brought him, and which found in nature from those 

could lift nails and tacks. that man himself makes. 

Tying a string to the mag- The head of this hammer is permanently Natural magnets are usually 

net, he let it dow’n until it JP«Kn®tized, and can hold a tack in posi- pieces of lodestone. ITic 
^ 1 1 1 , t*®”- If you have ever tried to hammer „ 

touched the coin, but there a smaU tack into a spot that was hard to chcmist calls this magiic- 

was no attraction. Try as fSJaSnt hiS'me? «n b*: "hich important 


V --T.lfcotton coafered viire- 
J Wiii V 



rvjf/ * ( t)\)nrf‘d 

\i/ 


“It contains copper, 1 supfiosc,” replied 
the boy. 

“Ves, and other metals too; but no iron.” 

This is the simplest way to make What differ- 

an electromagnet. Wind about encc does that 
fifty tunis of thin cotton-covered oP’’ 
copper wire around an iron nail maker 
and connect the ends of the wire “All the dif- 

with the terminals of a dry cell. . . 

While the current is flowing the icrcnce in the 
nail is a rather strong magnet, ^nrhl Ynii <;ee 
The moment the circuit is rou see, 

broken, the magnetism is lost, magnets attract 
In making such a magnet, do ” 

not keep the wires connected t'Hiciiy iron, 
for too long a time, for the heat So the boy 
produced by the current may 4U ^ u u i 

burn off the cotton covering, Saw mat lie had 

especially when the cell is trying to 

brand-ne\.. , . ' , 

do an impossible 
thing- 

In scientific 
laboratories it is 
'x(Tf c M ( " ' Jo r "i possible to show 

;/ that magnets 

can slightly at- 

tract certain 
metals besides 
iron, such as 

nickel, alumi- 
num, chromium, 
and platinum. It lias bec'ii show'ii also that 
most substances, other than iron and those 
mentioned above, are slightly rep(‘lled l)\ a 
magnet. But for ])raclical^piir|>()ses we may 
assume that magnetism is an atlraetion for 
iron and certain iron com- 
])ounds, such as steel. 

Since we are to make 
study of how' magnets 
used in daily life, let us first 
say something about thedif- 
h'rent kinds of magnets. In 
the first place, we ran sejia- 
rale the magnets that are 
found in nature from those 


he would, the penny would 
not stick to the magnet. Finally he gave 
up and went home. That night he told 
his father about it. “Why^,” said his 
father, “don^t you know ^ what a jienny 
is made of?” 


iron ore. Tt looks like a 
piece of red-lirown rock. Artificial magnets 
are made of iron or steel in ways which we 
shall soon describe. 

Wc also distinguish magnets by their 
shape. Artificial magnets may have the 
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An ordinary needle has been strongly magnetized and When the bar magnet is reversed and its *‘north** end 

suspended fr.om a support by a thin thread. The point is brought near the needle’s point, the point moves 

of the needle is the “north** end. When the south away, as is shown in the picture. The first law of 

pole of a bar magnet is brought near the needle point, magnetism is that unlike poles attract each other and 

the point swings over toward the magnet. like poles repel each other. 


sluij)c eilhcr of a bar or of a horseshoe. 
Sometimes they arc made in other shai)cs 
for special pur})oses. 

Magnets may be further classified as 
jiermaneiit or temporary. A soft iron nail 
may ))C made to attract another .. , 
nail if a steel bar magnet is h('l(l ^ 


netting it with several dry cells, good mag- 
nets may be maile. With the coil in position 
and the current llowing, needles, bars of 
steel, nail .and similar things that are 
put into the lui>e will be magnets when taken 
out. If a horseshoe magnet is de- 
sired, one can first magnetize a 


near ll, i/et ‘he nail ceases to 
be a magnet as soon as the 
steel magnet is removed. 

On the other hand, if sew- 
ing needles are used instead 
of nails, they wall retain 
some of their magnetism for 
a long lime. Thus we may 
say that very hard iron or steel v, 
can be permanently magnetized, 
while soft iron can be magne- 
tized only temiKirarily. 

One of the most interesting 
kinds of temporary magnet is the 
electromagnet. Anybody can make 
one by winding a short lenglli of 
insulated wire around a nail or a 



steel bar by putting it into the 
coil and then bending it to 
the desired shape. If the 
bar is already bent into a 
horsc.shoe, it is necessary to 
magnetize each arm sepa- 
rately. Hut one thing must 
be remembered. Before 
magnt‘tizing the second arm of 


the horseshoe, change the di- 
" reclion of current ilow in the 


When you put away your 
horseshoe magnet, be 
sure to attach a piece of 
soft iron to the poles, as 
shown above. I'liis will 
prevent the magnet from 
losing some of its 
strength. The piece of 
iron is called the 


coil. Otherwise both arms will be 
north poles, or lx)th will be south 
poles. This is usually nut desirable. 

In the d.a\'S before we knew 
about elcH.:tric current, magnets 
were made in another way. 'fhey 


bolt and then connecting the ends “keeper.** ^vere magnetized by ‘ induction, 

of the coil with a dry cell. So long as the If a permanent or natural magnet is brought 
current is flowing through the wire coil, the near a piece of steel, the lattei becomes a 
iron, core is a magnet, "^riic moment the cur- magnet. Ihiis a steel needle when rubbed 
rent is cut olT, magnetic attraction ceases, properly against a i)iecc of lodestone, a bar 
Of course if the core of such a magnet .s a magnet, or a horseshoe magnet, becomes 
piece of steel, it will retain its magnetism for itself a magnet. We might imagine that the 
a time even after tlie current stops flowing, rubbing would result in weakening the origi- 
'Fhe best way to make strong magnets is nal magnet, but it does not do so. Hundreds 
to use a wire coil of many turns and a large of magnets can be made in this way from a 
flow of electric current. Bv winding such a single strong one. 

coil around a paper mailing lube and con- The easiest wa>' to destroy a magnet is to 





WHAT A MAGNET CAN DO 


heat it red-hot. Scientists are not entirely 
agreed as to why this should be so; but 
many think that the increased heat energy 
makes the molecules dance so fast that they 
collide furiously with one another and be- 
come disarranged. 

What the “Keeper” Is For 

Sometimes a permanent horseshoe magnet 
grows weaker and weaker as it is allowed to 
lie around unused. To prevent this a piece 
of iron called a “keeper” is placed across its 
ends. In the case of bar magnets, the mag- 
netized bars should be stored in pairs in 
such a way that the north pole of one touches 
the south pole of the other. 

We have referred several times to “north 


This behavior of a magnet is what makes 
the compass possible. A compass is nothing 
more than a delicately pivoted and magnetic 
needle, inclosed in a glass-covered case. 

What hajjpens when two compass needles 
are brought very close together? Anyone 
who has tried it knows that they both cease 
to read true; that is, they no longer point 
jiorth and south. Instead, they point to- 
ward each other. And the north-pointing 
end of one is toward the south-pointing end 
of the other. Moving one compass around 
the other causes the needle ends to follow 
each other around. It is impossible to keep 
the two south ends together or the two 
north ends, for these ends push each other 
away. 


poles” and “south poles” of magnets. What 

are the poles? Examining 

a magnet, we can find no 

difference between its 

middle and its ends; but if 

it is immersed in a pile of 

iron filings, we see an inter- ^ 

esting thing take place. The 

filings tend to cling more 

to the ends than to the 


Although man has knowm about magnets 
for thousands of years, it is 
only about two hundred 
years since we found out 
much about the rea.son for 
the way they behave. We 
now believe that the earth 
itself is a huge magnet. 
Therefore it must have 
poles; and therefore it must 


middle of the magnet. In have an effect upon any 

fact, there is no attraction stick it through a flat cork. When the magnet on its surface. If 
at all in the middle. The needle* wilf ^sting aroind freely suspended com])ass 

points at the ends, where north and south, just as the needle does needle is held always in a 
the greatest number of m a compass. certain direction, it must be 

filings hold fast, are called the “poles.” because the poles of the earth magnet are 


When a bar magnet is bent into a horseshoe, 
it is because w^c wish to bring the poles 
nearer to each other. In this way the at- 
tractive force is made greater. 

Stick a magnetized sewing needle through 
a flat cork and float it in a dish of water. 
Be sure the dish is not made of iron. After 
a while the needle will stop moving. Note 
the direction in which it points. Disturb its 
position a bit, and it will come back; for it 


attracting the poles of the compass magnet. 
Since unlike poles attract each other, the 
north-pointing end of a compass needle must, 
in reality, be a south pole; and the soulh- 
l)ointing one a north pole. But to save con- 
fusion we have all agreed to make the north- 
pointing end of a magnet “north” and the 
other end “south.” 

Why the Earth Acts like a Magnet 


must point always in the same direction. 
That direction is nearly north and south. 
And the same end of the needle always points 
south. 

If a bar magnet is freely suspended from 
a silk thread, the bar insists upon pointing 
north and south when it comes to rest. It 
will do the same thing whenever it is pivoted 
on any point that allows it to turn freely. 


Perhaps you have been wondering why 
the earth should act like a huge magnet. 
This is something of a mystery, although 
many interesting theories have been pro- 
posed to explain it. Some say that most of 
the earth^s interior is composed of metallic 
iron and that it is hardly strange if our 
planet acts like a magnet. But what caused 
the huge mass of iron to become magnetized? 
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The strength of an electromagnet depends upon two 
things: the number of turns of the wire around it and 
the amount of current flowing through the wire. Each 
electromagnet above is strong enough to held seven 
iron tacks. The magnet at the left is supplied by two 

'rhe answer to tliis question is not easy to 
lind. Scientists point out that the upper 
regions of the 
earth’s c»lin<)S- 
phero contain 
many particles 
charged willi clcc- 
Iricity. 'hhese 
electric charges 
arc being swept 
round and round 
as the earth ro- 
tates. Thus an 
electric current is 
always flowing 
around the out- 
side of our planet. 

We might com- 
pare this with the 
current flowing 
through a coil 
of wire wrapped 
around an iron 
core. We have ^ 
already learned ^ 
that this is the 



dry cells; but the number of turns of wire around the 
iron nail is half the number around the nail in the 
magnet at the right. Thus, one magnet is supplied 
with twice the current supplied to the other, but the 
second has twice the number of turns. 


there is no denying the magnetic action of 
the earth. Its magnetic poles have been 
, located from time 
to time, and mar- 
iners since the day 
of Columbus have 
steered their ships 
with the aid of a 
compass. But the 
earth's magnetic 
^ poles are not in 
the same places 
as are its geo- 
graphic poles, 
which are the ends 
of the axis around 
which our planet 
spins like a top. 
Worse than that, 
the magnetic 
poles change their 
position slightly 
from sunrise to 
sunset and from 
one season to 
- another. In ad- 


mat inis is me . _ . x** 

.r This is one way of loading and unloading bars of pig iron. Each the no- 

best Wd}r of mak- Ij^. Jg held by the powerful electromagnet suspended from the * r i. i 

inff a magnet, hoisting crane. Note the two wires— at the upper right— which sitions of the poles 
® bring the electric current that activates the magnet. c#v>Tn fn K#* -if 

Hence, say .many * to oe ai- 

scientists, the earth, which is mostly iron, fected by the number and activity of sun 
becomes a magnet. spots on the surface of the sun. Occasionally 

Whether or not the explanation is correct, tremendous magnetic storms occur, of which 




When our boy presses the button, he brings two pieces of metal 
into contact. One of them-- the strip against which the button 
rests in Fig. 2— is connected by a wire with a battery (3). The 
second piece of metal the straight, lower strip in Fig. 2- is con- 
nected with a wire that is coiled around a metal core and then 
connected with the battery. This coil, which is beside the bell, is 
shown in Fig. 4. Now when the boy presses the button in Fig. 2 
and brings the two pieces of metal into contact beneath it, he closes 
an electrical circuit between the battery and the coil of wire. In- 
stantly electricity begins to flow from the battery through the coil. 
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As soon as an electrical current 
begins to flow through the wire 
coil around the metal core, the 
core becomes magnetized. When 
this happens, the metal hammer 
that strikes the bell is drawn to- 
ward the magnetized core - as 
shown in Fig. 5 — and its end 
strikes the bell. But when the 
hammer is drawn toward the 
magnet, the circuit through the 
coiled wire is broken. This means 
that the metal core is no longer 
magnetized. So the hammer can 
then be drawn back by a spring 
to its original position. Then the 
circuit is closed again, the elec- 
tricity once more begins to flow 
through the coil, and the metal 
core is again magnetized. Again 
it attracts the hammer, and the 
whole process is repeated. The 
thing takes place so rapidly that 
the circuit is opened and closed 
several times in a second. 
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WHAT A MAGNET CAN DO 


most of us are unaware. Vet captains of 
^ips are greatly disturbed ]>y them; for 
the storms disturb all compass calculations. 
Many of the magnetic changes in the earth 
take place regularly, and allowance can be 
made for them. Some, however, come 
suddenly. For that reason governments 
maintain magnetic charting exi)editioiis 
which keep track of the changing positions 
of the earth *s magnetic poles. 

How to Make an Electromagnet 

So much of the modern use of electricity 
depends if|>on the action of electromagnets 
that it will pay us to learn as much as })os- 
sible about them. The best way of doing 
this is to make a few electromagnets in the 
manner suggested in a former ])aragraph. 
All one needs is a spool of insulated wire, 
an iron core upon which to wind it, and a 
few dry cells. In general, an electromagnet 
acts like a bar magnet; and if the core is 
bent into a horseshoe, the electromagnet 
beha.co i'ke any other hor.scshoe magnet. 
The attraction i^ concentrated at the ends, 
or ])olcs; the middle shows no attraction at 
all. 

Unlike a bar magnet, the electromagnet 
is a tem])orary affair, since its action depends 
on a continuous tlow of electric current, 
rhis is a great convenieTue, for the attraction 
may be started or sloi)pe(l in an instant, by 
the mere closing or oj)ening of a switch. 
'Phus huge magnetic derricks (an lift Itnis of 
iron, swing them over a truck, and drop 
them in. While in the air, the iron is held 
fast by large electromagnets. 

Regulating the Strength of an Electromagnet 

Another convenience of this type of mag- 
net is the ease with which its strength may 
be increased or decreased. Usually this is 
affected by a change in the amount of cur- 
rent. There arc tw’o additional methods, 
how'cver, for weakening and strengthening 
an electromagnet. One is to change the 
number of turns in the coil of w ire- the more 
turns, the greater the strength. 'Fhc other 
is to change the nature of the core of the 
coil. A soft iron core gives the greatest 
magnetic strength. On the other hand, an 


air core results in low^ magnetic strength. 

Kleciromagnels have become so useful in 
doing the world’s work that we should all 
remember the name of the scientist w^ho 
discovered how’ to make them. His name 
w^as Tlans Christian Oersted (ur'stfith), and 
he was a professor of science in Denmark. 
One day in the year 1822 Oersted w^as lec- 
turing to a class aljcmt the action of a mag- 
nt'lic needle. Near at hand wras a wire 
through which a current w^as flowing. F.very 
time he closed the current switch, he noticed 
that the needle moved. Further e.xpcrimcnt 
led him to the discovery that electricity 
flow'ing through a w^ire produces magnetic 
effects. It was a hapi)y thought which urged 
him to coil the wire and thus concentrate the 
magnetic attraction. Other men of science 
soon followed his idea. In Amc-rica, Jo.seph 
Henry must be n^membered for his pioneer 
woik with electromagnets. In tS^^i he made 
a coil so large that it lifted 3,500 jxmnds of 
iron when a large flow* of electricity ])assed 
through the wire. The coil itself w'cighed 
only 100 ])oimdb. 

What Happens When You Push the Button 

Almo.si every day of our lives we ha\e 
rea!^oIl to pu.di a button in order to ring a 
l)ell. Most of us are so well used to this that 
w^e seldom think of the interesting thing 
that takes place. Pushing the button closes 
an electrical circuit which sets up a flow of 
current. The current ]>asses through a coil 
of wire wound round an iron core, causing a 
magnetic attraction. A piece of iron is then 
pulled over, and willi it a hammer which 
strikes a gtmg. No sooner docs the gong 
sound than the circuit is broken by the very 
motion of the j)iecc of iron. Immediately 
the flow^ of current ceases and of course the 
electromagnet loses all its strength. But 
than a sj)ring j)ulls back the piece of iron 
and the hammer attached to it. As tlie 
iron strip rt turns, contact is again made, the 
current flows once more, and the electro 
magnet becomes active again, so that an- 
other stroke of the gong is achieved. The 
entire action repeats itself so long as your 
linger keeps pushing the button; the ringing 
of the hell is the result. 
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ELECTRICITY 


Reading Unit 
No. 2 


THE SECRETS OF THE ELECTRIC CELI. 

Note: For basic information For statistical and current facts, 

not found on this pa^c, consult consult the Richards Year Book 
the general Index, Vol. ij. Index. 

Interesting Piicts Explained 
Who was the first man to study The storage battery, 1-498 

electricity? 1-494 Electricity from chemicals, i— 

Static electricity, T-495 498-99 

The first electric current, 1-495- Atoms, protons, and electrons, i— 
96 498-500 

The first battery, 1-496 'Fhe dry cell, 1-499-500 

Phings to Think About 

Why did the legs ijf the frog How did Eenjamin Franklin 
used in Galvani’s experiment prove that lightning was clc‘c- 

jump about? tricity? 

How does the dry cell give us How is static electricity i:)ro- 
electric current? duced? 

Picture Hunt 

What happens in a battery? i - What apparatus did Galvani use 
497 in his famous experiment? i~ 

What does a storage battery con- 496 

tain? 1-498 

Related Material 

How is the storage battery -used How are batteries used in the 
to light the gasoline mixture telephone? lo-iio 

in the cylinder of an auto? How are batteries used in teleg- 

10-285 raphy? 10-95-99 

How is a submarine driven while What is all matter made of? i - 
it is under water? 10-310 284 

How is electricity generated by How are icebergs detected with 
muscles? 2-331 the aid of electricity^ 1-64 

Practi cal A p pi i cati o ns 

How is pure copper made to-day? How may muscles be tested? i— 
1-500 495 "9b 

Leisure~time Activities 

PROJECT NO. I : Make an vani's experiment showing that 

electric cell, 1—497-500. two pieces of different metals can 

PROJECT NO. 2 : Repeat Gal- cause frogs’ legs to move, 1-496. 

Summary Statement 

An electric current is a move- composed of electrons, 
ment of electrons. All matter is 


492 




THE SECRETS OF THE ELECTRIC CELL 



Pliolii ^^opyritflr. L> Delroil PubluihinK Ci 

Before Benjamin Franklin performed this famous kite that fact. This simple though somewhat dangerous 
experiment, few people suspected that lightning was experiment started scientists on the path that finally 
really a tremendous flow of electricity from cloud to brought them to their present understanding of the 
cloud or from a cloud to the earth. Franklin proved marvels of electricity and the nature of matter. 

The SECRETS of the ELECTRIC CELL 

Here Is Part of the Story That Tells How the Heroes of Science 
Captured the Vast Forces of Electricity 


N TUTS Story we Jire going to talk 
about that marvelous form of energy 
which we call electricity. If we are 
to take the word of the modern scientists, 
everything in the entire universe is composed 
of electricity. The chair we sit in, the table 
at which we read, the book in our hands, the 
clothing we wear, the air we breathe, the 
food we eat — even our very bodies — are all 
made up of particles of electrical energy. 

So important and basic a force merits our 
most careful attention. The fact that 
electricity has always been, and is yet, a 
great puzzle to mankind should not deter us 
from inquiring into its ways of behavior. 
Electricity is a challenge to our curiosity 
and understanding. On the one hand, we 


live in an age when the most difiicult, the 
most complex, the most marvelous, and the 
most useful work is being done with the aid 
of electrical energy. On the other hand, 
we are still as far as ever from a really satis- 
factory answer to the question, ^‘What is 
electricity?” 

From a preceding story, in which we were 
talking about magnets, our readers will recall 
that there is no better way of making mag- 
nets than by sending a current of electricity 
through a coil of wire wound around a piece 
of iron. At that time we told the reader he 
could procure this current from a dry cell. 
But what is there in a dry cell that makes a 
current of electricity? 

Perhaps as good a way as any to begin the 
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Otto von Guericke, a German scientist of the seven- 
teenth century, devised a machine for rubbing two 
substances against each other so as to generate static 

Study of electricity is to try to understand 
what goes on inside an electric cell. We 
cannot promise to make every j)art of the 
action fully clear, because no one in the 
whole world understands it com])lctcly. But 
we can tell the story of how scientists learned 
to make a cell and to use it, and what 
they think about it to-day, after many years 
of struggle with its mysleries. One of the 
strangest facts about science is tliat we can 
control and use forces in thousands of ways, 
even when we do not know the real nature 
of the forces themselves. 

The First Man to Study Electricity 

So far as records show, a great Greek 
philosopher, Thales (tha'lez) of Miletus (rai- 
le'tfis), was the first man to study the sub- 
ject of electricity, about twenty-six hundred 
years ago. Even before him men had ob- 
served the fact that when amber is rubbed 
against cloth or fur, small, light objects arc 
attracted to the amber. But no one thought 
much about this until Thales announced 
his conclusion that the attractive ix)wer was 


electricity. In the picture above, you see the English- 
man Francis Hawksbee performing some interesting 
electrical experiments with Guericke’s machine. 

due to a soul or spirit dwelling inside the 
amber, d'hc Greek word for amber is 
“clektron”; and “elerlrieity*’ is derived from 
this word 

Early Experiments in Electricity 

Then the entire subject seems to have 
been forgulten. \ol until the beginning of 
the .seventeenth century do we hear about 
it again. William Gilbert, j)hysician to 
Queen Elizabeth, was a great experimenter, 
much interested in magnets. Without con- 
necting magnetism with electricity, he 
showed that other substances than amber 
can also be excited ])y rubbing, and be thus 
made to attract light o])jccts. He was 
especially interested in rubbing glass with 
silk. Some years later Otto von Guericke 
(foil gaTl-ke) made a machine which could 
rub sulphur and cloth together when a crank 
was turned. This enabled him not only to 
show attraction on a large scale, but to 
produce what he called “a hissing noise and 
gleaming light." Other experimenters car- 
ried on the work, and soon the electric spark 
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and ihc shock became more imj^orlant than 
the mere attraction of rubbed bodies for 
paper and wisps of cotton. 

Gradually facts about this kinfl of elec- 
tricity accumulated. Hy the middle of the 
eighteenth century, the work of many men 
had made the subject a fascinating one, but 
no one understood much ab( ul 
the nature of the new i 

The sparks obtained w 
a rubbing, or static fstat'- 
•k), electricity machine 
made many experi- 
menters think of tiny 
Hashes of lightning. 

It is no wonder, there- 
fore, that Henjanin 
Franklin jdannerl his 
famous kite exjxTi- 
ment. By sending ui) 
a kite in a storm he 
succeeded in getting a 
lightning discharge 
thr^.u^i* the wet 
string. Til this way 
showed that lightning was 
really electricity. His fur- 
ther exf)erimcnting and think- 
ing gavx* rise to a theory of 



if a certain Italian scientist had not hap- 
pened to hang some dissected frogs on an 
iron fence. 

Luigi Galvani (Iwc'je giil-va'ne), the 
scientist in question, was interested in the 
action of a static electricity machine on 
the nerves and muscles of frogs and other 
~ , animals. He had heard of Frank- 

lin’s experiment and was 
even bringing down electri- 
city from lightning to the 
muscles of skinned frogs’ 
legs. By connecting 
one end of a leg with a 
stretched aerial wire 
and the other end with 
the ground, he found 
that the muscles 
twitched during a 
storm. While in the 
midst of these experi- 
ments, he or his assis- 
tant prepared some 
frogs and hung them 
by coj>per hooks to the 
iron balcony rail outside 
th(“ window. To his astonish- 
ment the legs were convulsed 
every time they touched the 


electricity in which the si range ™s is Alessandro Volta, the iron rail while hanging from the 

” Italian scientist who was the , , 


force is regarded as a lluid — a first experimenter to make a 

weightless lluul-which passes giro7^l«\ronV. 

frtim a place of high electric has been named the “volt,” 

! r 1 which is a raeasurim; unit for 

l^ressure to one of low pressure. electrical pressure. 

For the first time scientists 

began to speak of two kinds of electricity: 

positive and negative. The former \\as the 

kind made when glass is rubbed with silk; 

the later, the kind obtained \^hcn amber or 

hard rubber is rubbed against fur. Always, 

said Franklin, electricity flows from positive 

to negative. 

Galvani’s Great Discovery 

Very often in the histor}' of .science a 
lucky accident changes the whole cou'sc of 
events. We must not think that scicntitic 
development is a matter of chance, for ap- 
})arenlly such accidents happen only to 
careful c.xpcrimcnters and good thinkers. 

Yet it is true that the modern age of elec- 
tricity w'ould probably have been delayed 


copper hooks. Xo static ma- 
chine or lightning seemed neces- 
sary. At first Galvani thought 
the elTt^ct was due to the con- 
dition of the atmosphere during 
a storm; but when the same thing happened 
dudng fair weather, he concluded that the 
real cause was the ct)pper and iron touching 
the muscle or the nerve. 

(ialvani realized that he had made a great 
iliscovery. He had found a new way of 
obtaining electrical effects. But his ex- 
planations were very involved and, as we 
know to-day, inaccurate. 

A better explanation \Nas sovm imoposed by 
another great Italian scientist — the man 
whose memory we honor every time we 
speak of electrical voltage (vol't*^j). Ales- 
.sandro ^'olla (a'les-siin'dro vol'ta) had been 
fascinated by the “galvanized” frogs, as 
they were called. He saw that three things 
were necessary to produce the effect : copper. 
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This is the apparatus used by Galvani to make the 
frogs* legs jump. The machine at the left generates 
electricity by friction. In the circle you see how he 

iron, and the fluid in the muscular tissue of 
the frog’s leg. He made a brilliant guess. 
It seemed to him that the metals and the 
fluid were undergoing a chemical action. 
Thus was born the notion that chemical 
action can produce an electric force. 

How the Voltaic Cell Was Made 

Trying many metals and different fluids, 
Volta discovered that there was a better 
method for producing electrical effects than 
the one in which two substances are rubbed. 
The best results were obtained A'hcn he put 
zinc and copper into an acid. The combi- 
nation came to be known as the voltaic 
(v61-ta'Ik) cell, and it was the frst electro- 
chemical device ever known. With this new 
means of obtaining electricity experiment 
began in earnest. 

There are many forms of this cell, and 
since Volta’s time many modifications of it 
have been employed. All of thc.se, however, 
make use of the chemical action which takes 


later discovered that the two different metals em- 
bedded in the tissue of the legs generated an electric 
pressure which caused the legs to jump. 

place between two rods, called electrodes 
(e-lek'trod), in.scrted in a liquid solution or 
paste called an elect roh^c (e-lek'tro-lTt). 
Volta used rods of zinc and coj)j>er immersed 
in dilute sulphuric (sul-fQr'rTk) acid. The 
acid acts on the zinc in such a way that 
electrical charges arc stored in the zinc as 
the latter is eaten away. When a metallic 
path is provided between the zinc and the 
cop|>cr, outside the cell, an electric current 
flows Ijctwecn the two electrodes. The 
copper is gradually covered with Imbbles of 
hydrogen coming from the acid, and these 
eventually Ijlock the current How. liy in- 
troducing another chemical into the elec- 
trolyte which constantly removes the hydro- 
gen, the current How is continued until all 
the zinc is consumed. Then the cell is 
“dead.” 

Now, from one point of view, the above 
explanation is simple. Following Volta’s 
directions, anyone can put together such a 
cell and make it work, A factory can be 
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THE SECRETS OP THE ELECTRIC CELL 



At the left is a simple electric cell consisting of a convention adopted before we learned how the cell 

zinc rod and a carbon rod in a solution of sal ammoniac really works. In the middle cellp the chemical action 

and water. The chemical action which takes place is practically the same except that the solution is 

between the zinc and the solution results in an excess different and tilie rods are zinc and copper. In the 

of electrons in the zinc rod and a lack of electrons in third cell, we see a cut-away portion of a dry cell, 

the carbon rod. When the zinc is connected with the The container is made of zinc, the rod in the center 

carbon, the excess electrons flow from the zinc to is carbon, and packed between them is a moist paste 

the carbon. In the picture the arrows point from the of sal ammoniac. The chemical action is the same 

carbon to the zinc. This is because we still keep a as in the other two cells. 



If we could see the tiny molecules in the rods inside cell. The artist has tried to show the flow of elec- 

an electric cell, we mi jht be in a position to see what trons by indicating electrons by the much smaller 

it is that moves from zinc to carbon and through white dots. You will note that some electrons are 

the copper wire which connects the two outside the also moving through the solution* 
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This is a storage battery consisting of three cells con- pressure of about 6 volts. The solution used is sul- 
nected in series. Since each cell develops an electri- phuric acid, and the metals - or electrodes- are plates 
cal pressure of about 2 volts, the battery yields a of lead treated with certain chemicals. 


which will turn out thousands of voltaic 
cells, and all of them will do good work. 
Jiut not even the manager of the plant can 
answer the question, “Why does a chemical 
action cause electricit}' to flow?” Volta 
could not answer the question, nor could 
any of the scientist.s who followed him. At 
least, their answers have not been accepted 
by all scientists. To-day the best e\j)lana- 
tion seems to lie in a theory about electricity 
which is called the “electron theory.” 

How to Make an Electric Cell 

Before we begin to exjdain this theory, 
let us perform an experiment. Let us make 
an electric cell which uses materials that 
are somewhat dilTcrcnt from those which 
Volta u.scd. The chemical action will be the 
same, but the construction is more like that 
to be found in the modern dry cell. The 
experience with actual chemicals in a cell 
that w'orks will help our thinking and make 
the explanation easier. 

Get from the druggist about half a pound 
of a salt that goes by the name of ammonium 
chloride (iVmo'nT-tim klo'rJdj. It looks like 
ordinary table salt, but tastes sharply Idtter. 


Dissolve it in a jar of water. Find an ordi- 
nary electric bell that is in good condition 
and can ring when coniKuied with one dry 
cell. When you are satisfied that the bell 
is in W'orking order, ('onnect its terminals \o 
a rod of zinc and a ro*! ("jf carbon. U.se wires 
that are each about two feet long. "J'hen 
insert the rods in the solution. Probably 
nothing nua h will hai)pen; the bell w'ill not 
ring. 

Now remove the carbon rod and heat it 
thoroughly in a gas flame. When it is very 
hot, plunge it into a ]>ollle of dilute nitric 
fnj'trik) acid. After giving the rod a chance 
to S(Kik 11 j) the acid, j)uL it back in its former 
])lacc in the ammonium chloride solution. 
At onct* the bell wdll begin to ring, and will 
continue to < 1 () so for several minutes. To 
revive the cell, carry out once more the 
heating and acid treatments. I'his may be 
continued indefinitely, until the zinc rod is 
consumed in the chemical action. 

What the Modern Dry Cell Contains 

The rca.son why w^e used zinc, carbon, and 
ammonium chloride, instead of the chemicals 
which Volta used, is that the modern dry 






THE SECRETS OF THE ELECTRIC CELL 



IMiiiin li\ Aliiiitri 

Alessandro Volta was one of the pioneers in the field forming an experiment before Napoleon, who had 
of electricity. He invented the ancestor of our present- called Volta to Paris to show French scientists his 
day dry-cell battery. In this picture we see him per- great electrical invention. 

cell contains the iniilcrialb eini)loye(l in our Third, atoms themselves are composed of 
expprl'- nt. Of course the inside of a dry smaller parts. Here we must be careful 
cell is not a li<iuid, or else it would not be what we say, for .scientists arc not sure as 
called dry. Pfowever, it does contain zinc, to all that atoms contain. As this is being 
c*arbon, and ammonium (hloridc. 'I'he written new discoveries about the inside of 
chloride, instead of being dissolved, is [lackctl an atom are being announced almost every 
in as a moist paste between the two elec- clay. There is one thing certain, however, 
trodes. and this is that atoms are made up of bits 

, -rv ^ electricity. Until very recenllv these 

How the Dry Cell Works particles were thought to be of two kinds, 

Now how do ue e\j)lain the dry cell? positiv’e and negative, and they were called 

IdrsL, let us retail that all sul)slances are “protons” (j)rr)'t()n'‘ and “electrons” (M6k'- 
comjK)sed of molecules (m(“)l'e-kul). Mole- iron). Now we arc told that there is mi.\ed 
cules are the smallest fia its of any substance in with the.se particles also a closely com- 
Ihat can pos.sibly e\isl, and yet be that sub- bined electron and proton called a ‘‘neutron” 
stance, 'i’hus the carbon rod is made up of (nu'lron). And exi)erimenlers with cosmic 
molecules of carbon, the zinc of zinc mole- rays and atomic fi^^ion tell us of a number ot 
cules, and the ammonium chloride solutuni other particles in the atom, but a good deal 
of molecules of this substance intersperse<l of work still remains to be done. It will 
among trillions of water molecules. serve our jnirpose best to consider an atom 

Second, all molecules are composed of as containing a complicated nucleus around 
atoms. In a substance such as zinc or wliich a number of electrons revolve as do 
carlion, there is only one kind of atom; for the planets around the sun. All electrons 
zinc and carbon are chemical elements. But are alike; only their number and movements 
in each molecule of the com]H)und ammonium change from atom to atom, 
chloride there are six atoms; one nitrogen For example, a carbon atom contains six 
fni'tro-ji^n) atom, four hydrogen (MMro-jenl planetary electrons; an oxygen atom con- 
atoms, and one chlorine (klo'rin^ atom, tains eight. 

Fach molecule of water is made iij) of two Since electrons, as well as protons and 
atoms of hydrogen and one of oxygen. neutrons, are bits of electricity, we are 
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THE SECRETS OF THE ELECTRIC CELL 


faced with the fact that all matter is elec- 
tricity and that electricity is matter. This 
is a strange notion; for it means that we 
ourselves — every muscle, every bone in our 
bodies, every cell in fact-— are, in the last 
analysis, made of electricity. 

With all this in mind, let us turn once 
more to the dry cell which we made. Think 
of the molecules of ammonium chloride 
swimming around among molecules of water. 
Now imagine that the water molecules split 
the ammonium chloride molecules, sepa- 
rating each chlorine atom from the other 
five with which it has been associated in a 
happy family of atoms. Not only that, but 
the chlorine atom, in being pushed away, 
carries with it one extra electron to which 
it is normally not entitled. This makes for 
an unhappy state of affairs. The chlorine 
atom is excited with its extra electron, and 
one of the hydrogen atoms is upset because 
it has lost an electron. They try to get back 
to their previous state, but the water mole- 
cules interfere and insist upon this unusual 
separation. 

Now comes the zinc rod in an effort to 
relieve the situation. It so happens that 
zinc atoms and chlorine atoms like each 
other very much. They combine easily to 
make a new molecule, called “zinc chloride.’' 
Each zinc atom tics up two chlorine atoms. 
When these new combinations are made — 
and there are millions of them — whaf hap- 
pens to the extra electrons borne by the 
chlorine atoms? They are taken up by the 
zinc rod which finds itself accumulating a 
store of extra electrons. 'I’hus, the action 
results in an excess of electrons on the zinc. 

What about the hydrogen atoms that 
have lost their electrons? They tend to 
move toward the carbon rod. 'Fhey cling to 
the rod, each extracting from the carbon the 
electron it needs. In this way the hydrogen 
atoms become full-fledged atoms, containing 
the normal number of electrons to which 
they are entitled. But the carbon rod loses 
in the transaction. The carbon is now lack- 
ing in electrons. 

Let us now examine the situation that 
has resulted. The zinc has electrons in 
excess and the carbon is lacking in electrons. 


If a copper wire path is provided between 
the zinc and the carbon outside the cell, is 
it any wonder that the excess electrons 
make a dash from a place where they are in 
excess to a place where they are lacking? 
Since the copj)er wire path leads them 
through an electric bell, they ring the bell 
as they i)ass through. 1’he movement of 
electrons from a place where they are in 
excess to one where there is a shortage of 
electrons is called a flow of electric current. 

Going back again to the exjjeriment in 
which w'c made a dry cell, we find one step 
that remains to be explained. Why did we 
heat the carbon rod and plunge it into acid? 
This is explained when we consider the 
many hydrogen bul)bles which cling to the 
carbon rod. I'hcy must be removed; other- 
wise the current flow ceases. By healing 
the rod, we drive some of them away; aiul 
the acid removes the rest chemically. 

Tf our readers will take the trouble to 
break oj)en an old dry cell, they will find 
the zinc in the form of a cup which holds the 
contents of the cell. Running down the 
center is the carbon rod; and packed in be- 
tween the rod and the cup is a j>aste of 
ammonium chloride and a chemical to re- 
move the hydrogen bubbles which tend to 
cling to the carbon. There arc three reasons 
why a dry cell “goes dead’’: 

(a) The zinc cup is used up. 

(b) The paste is dried up. 

(c) The hydrogen-removing chemical is 

used up. 

When Volta showed that chemical action 
may start a flow of electric current, it 
naturally w’as asked whether a flow of elec- 
tricity can produce a chemical change in a 
solution. To ask was to experiment. Be- 
fore long, scientists were able to break the 
molecules of water into their atoms by 
sending a current through properly pre- 
pared water. We call this process “elec- 
trolysis” (c-Rk-tr6l'f-sfs). Later, Sir Hum- 
phry Davy used a flow of electricity to iso- 
late the element sodium (so'di-um) from 
a solution. To-day we are refining copper 
and other metals by means of an electric 
current, and arc plating metals with other 
metals in the same way. 
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HOW WE MAKE ELECTRICITY 

Note: For basic information For statistical and current facts, 

not found on this page, consult consult the Richards Year Book 
the general Index, VoL /j. Index. 

interesting Facts Explained 

What is a dynamo? 1-502-6 rent without the use of bal- 

Parts of the dynamo, 1-502-7 teries? 1-504-5 

Faraday’s principle, 1-504 How are dynamos rotated at hiph 

Obtaining electric current from a speeds? 1-506 

coil and a magnet, 1-504 Volts, amperes, and watts, i- 

What are the three necessities 508-11 

for producing an electric cur- 

T kings to Fhink About 

How did Faraday develop his How does a transformer step uji 

method of jmjducing electric or step down an electric cur- 

current? rent? 

How is current collected from a When is an electric shock dan- 
rapidly rotating dynamo? gerous? 

Picture Hunt 

Trace the flow of electiic cur- ured? 1-509 

rent from a power house to How might the wind be put to 
your home, 1-5 10 work generating electricity? 

How is electric current meas- 1-508 

Related Material 

Which industries depend upon 57 

electricity? 7 -379 How are important products ob- 

How is the dynamo used in radio? tained from the sea by means 

10-115-21 of an electric current? I --557 

How are objects plated with How are lightning and thunder 
metals? 9-395, 420, 12-92 caused? 1-246 

How is electricity used in form- Why is electricity called a form 
ing type for newspapers? 10- of energy? 1-341,345,372 

Practical Applications 

How is electric current for heat current reduced for safety in 

and light produced? 1-505-10 transmission? 1-510-11 

How is the voltage of electric 

Leisure^time Activities 

PROJECT NO. I : Produce in- of different early methods of pro- 
duced currents, 1-504. ducing electric power, 1-505. 

PROJECT NO. 2 : ^lake models 

Summary Statement 

Electricity is produced in large coil between the poles of a mag- 
quantities by the rotation of a net. 
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The pictures 
on this page 

will help you g ^ 

to understand how a ^ 

dynamo works. In 

the diagram above, a 

copper rod is being 

moved between the poles of a horseshoe magnet, 
in the direction indicated by the straight arrows. 
The vertical lines between the two poles indicate 
lines of magnetic force. If the N-pole and S-pole 
are placed as shown and the motion is as described, 
current of electricity is 
O induced to flow in the cop- 
per rod. The 
direction of 
this flow is 

rows and the 

N amount 

FIELD ■ flow m®y be 

MAr*kiBTc. ^Bs-i measured on 

m . A theinstru- 

■l^V ment at- J 

tached. ^ 


Here, the copper rod is 
bent into a rectangle. 

Instead cf moving hori- 
zontally, it is rotated about a 
shaft. The ends of the rec- 
tangle are fastened, one to the 
upper and one to the lower 
semi-cylindrical copper strip. Against these 
strips rest two straight strips of copper, each 
connected with a wire leading to the measur- 
ing instrument. The motion of the rectangular 
frame of wire through the lines of magnetic 
force results in an induced current flowing in 
the frame of wire. This current flows out of 
one semi-cylindrical strip, through the meter, 
and back through the other strip. 


N 

FIELD 1 
MAGNETS 



commutator-- 


-ARMATURE COILS 


Above is a picture of the magnets 
in a dynamo. Note that there are 
four coils, each wound around a 
large core of iron. Thus, this par- 
ticular field magnet contains four 
poles. 


At the right we see the entire dy- admav 

namo assembled. The field mag- 
nets are in place and the armature 
can revolve between the poles. 

Each rectangular frame of wire in BRUSHES 
the armature has a flow of current ,hot hovingi 
induced in it. This current passes 
to the commutator strips. Since 
the latter revolve with the arma- COMMUTATOR 
ture, they slide past the fixed <RfvoLViHGi ^ 
brushes. The brushes are like the A 

straight copper strips described in the H 

picture at the upper right. In the dynamo B 

shown, however, the brushes are made 
of blocks of carbon. The purpose of the 
commutator and brushes is to change the 
alternating current generated in the ar- 
mature into direct current, so far as the 
“cables carrying away the current** are 
concerned. When a steam engine or 
other engine drives this machine so as to 
generate electricity, we call it a dynamo. 

When we send electricity into it so as to 
make it turn, we call it a motor. 


The armature, shown just above, is the movable part of a dy- 
namo. It consists of a large number of rectangular frames of 
wire— such as are described in the corner above. They are set 
in gsooves, and each end of every frame is fastened to one of 
the copper strips of the cylindrical commutator. Since each 
frame of wire has two ends, there are always twice as many 
commutator strips as there are 
frames of wire. O 

ARMATURE FIELD MAGNETS 

RCVOivinG) 

X fownuc beli from 

BRUSHES 

(NOT HOVINGI 


CABLES CARRYING AWAY CURRENT 



HOW WE MAKE ELECTRICITY 



This is an artist's conception of Faraday performing instrument which can measure a very slight flow of 
the most important and most far-reaching of his ex- electric current. Little did he dream that from the 
periments. He is plunging a bar magnet into a coil simple act of moving a magnet in the presence of 
of wire. The ends of the coil are connected with an a coil would come the modern electrical age. 

HOW WE MAKE ELECTRICITY 

Even though Nobody Knows What the Mighty Force Really Is, 
We Can Generate It and Put It to Work in 
Thousands of Ways 


HEN Galvani and Volta showed the 
world a better way to make elec- 
tricity than by the ancient method 
of rubbing two substances together, they 
created a new' and pow^erfiil tool for mankind. 
Electrical cfTc*cts ceased to be a matter of 
mere amusement, and became a force to be 
reckoned witli in the everyday activities 
of life. Chemical cells and liatteries added 
to man’s comforts and, in connection with 
the telegrajih, made business transactions 
easier and (luickcr. 

But the Age of Electricity would never 
have come if batteries had remained the 
only means of procuring electrical energy. 
After all, a chemical cell yields but a small 
flow of electrical current. Thousands of 


cells must be strung together if a great force 
is desired. Furthermore, the chemicals em- 
ployed are soon used up, so that the cells 
“go dead” and must be constantly replaced. 
To-day we obtain only a .small amount of 
our electrical energy through the use of 
chemicals. We have learned a new and 
lietter way — a way devised by one of the 
greatest scientists that ever lived-— Michael 
Faraday. 

Faraday (far'a-da) was born in England 
in I7gi. If you have read the story of his 
life as it is told on other pages of these 
books, you will know that his genius at- 
tracted the attention of the great English 
scientist Sir Humphry Havy, who finally 
took the young man into his laboratory. 




HOW WE MAKE ELECTRICITY 


In the course of his fifty years of scientific 
work Faraday performed 16,041 experi- 
ments; and it is no exaggeration to say that 
one of them changed the entire course of 
human events. With this single experiment 
we shall now deal. 

Both Faraday and Davy were once faced 
with a difficulty. 

Requiring a large 
amount of elec- 
tric current for a 
certain experi- 
ment, they con- 
nected together 
2,000 cells, but 
even these could 
not furnish the 
energy they 
needed. They 
were struck with 
the idea that 
some better 
means of starting 
a flow of current 
should be found. 

When Faraday learned of Oersted’s work 
with magnets he did not at once sec a solu- 
tion to his problem; but he was greatly in- 
terested in the effect. Oersted had shown 
that a current flowing in a wire could liiake 
a neighboring magnet move. “What will 
happen in the wire,” asked Faraday,^ “if a 
magnet is moved near the wire?’^ This 
question he then put to Nature in many 
ways. He tried all sorts of things, but did 
not soon succeed. For nine long years he 
continued to seek an answer. His greatness 
is proved as much by the fact that he per- 
sisted as by his final success. 

Faraday’s Great Principle 

That he did succeed is most fortunate for 
mankind. There is hardly an electrical 
device to-day that does not depend upon 
the answer to the question whieii Faraday 
was asking. Electric lights, dynamos, trolley 
cars, subways, telephones, airplanes, automo- 
biles, motion pictures, radio, and television 
are but a few of the modem conveniences 
made possible by the great principle which 
Faraday discovered. Had it been possible 
to patent his idea and to continue that pat- 


ent in force to the present day, Faraday's 
heirs would now be the richest men in the 
world. Yet throughout his life Faraday 
never earned more than $500 a year. 

But what was this great principle — this 
answer that Nature had given to the question 
w'hich Faraday had raised? If the ends of a 
coil of wire are 
connected with 
some instrument 
that can register 
the flow of elec- 
tric current, 
nothing hap- 
pens. The point- 
er of the instru- 
ment remains 
motionless at the 
zero mark. 
That, of course, 
is as it should be. 
But w'hen a mag- 
net is moved 
near the coil or, 
better still, into 
the core of the coil, the pointer jerks to one 
side of the zero mark. Evidently a current 
of electricity flows through the coil and 
through the registering instrument while the 
magnet is being moved. 

This was the simple experiment which 
Faraday performed. Now that he has shown 
the way, anyone can rejK-at it. Of course 
the experiment can be varied in several 
ways. For e\am[)le, plunging the magnet 
into the coil makes the pointer move in one 
direction; pulling out the magnet causes the 
pointer to move in the oi)j)osite direction. 
This indicates that the direction of ilow is 
determined by the direction in which the 
magnet is moved. Again, the results are 
the same whether the coil is moved and the 
magnet held still, or whether the magnet is 
moved and the coil held still. If the magnet 
is inserted into the coil and both are moved 
together, nothing hapix^ns. One must move 
with res])ect to the other; otherwise it is the 
same as if both magnet and coil were at 
rest. So three things seem to be necessary 
in order to induce a current of electricity to 
flow in a coil: a coil of wire, a magnet, and 
the motion of one relative to the other. 



A coil of wire is wound round an iron nail and connected with the 
terminals of a sensitive electrical measuring instrument. When the 
end of a bar magnet is moved near the coU and toward the left» an 
electric current is started in the coil and the pointer on the instru- 
ment moves to one side. When the same end of the magnet is 
moved toward the right, the current induced in the coil flows in the 
opposite direction, as is shown by the pointer, which is now moving 
toward the other side of the scale. 






How to turn a wheel, whether it be a wagon wheel or It is thought that the device shown above was invented 
the armature of a dynamo, has been one of man’s by the ancient Romans. Flowing water turns the wheel 

chief problems. The horse on the treadmill shown as it falls on the slanting blades that project from the 

above can move the wagon along; but the device is a hub. The wheel turns the millstones above it. The 
crude and poor substitute for electricity. millstones grind wheat into flour. 



Can you imagine anything more tedious and dreary? 
This poor man keeps walking for hours, back and 
forth, back and forth. He gets nowhere, but he does 
rock the wheel, and so grinds wheat into flour. 



This is an old "overshot” wheel. Water flows down 
the trough, striking the paddles and turning the wheel. 
Such relics are still to bo seen on farms. They are 
the ancestors of the modem water turbine. 


Perhaps our readers are asking, ‘‘Where that therefore there are trillions of electrons 
does the electricity come from which flow's in the copper of which the coil is made, 
in the coil when a magnet is moved near it?” Ordinarily they remain wdthin the atoms of 
Ihe only way to answ^er this question is to copper to which they belong. Somehow', 
point out that all matter is electricity, and and we do not know exactly how, the moving 
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Edison was among the first to make use of the dynamo power house, in New York City. To-day it has many 
on a large scale. Above is a model of his first electrical gigantic, whirring offspring. 


magnet forces some of the electrons to move 
from one end of the coil of wire to the other. 
A good way of stating the principle which 
Faraday discovered is to say that moving a 
magnet near a coil of wire or a coil of ware 
near a magnet causes a movement of elec- 
trons in the coil. 

What a Dynamo Is 

Since Faraday's jirinciple was sifrh an 
improvement over ihe chemical-action meth- 
od of getting electricity, let us see how easily 
the amount of current Ilow may be increased. 
Each of the three essentials in I'araday’s 
experiment is .subject to control. 1'he mag- 
net can be made more jiowerful, and the 
greater its strength, the greater (he current 
flow induced in the coil. Second, the coil 
itself may be made larger, more turns of 
wire being wound around the core. I'he 
larger the coil, the greater the induced 
current. Finally, the motion m-^y be made 
quicker. And the faster the motion, the 
greater the current flow in the coil. 

These possibilities were adopted by Fara- 
day and many other experimenters. It was 
not long before simple ways were found of 
moving huge coils of wire near powerful 
magnets. By increasing the speed of the 


motion, the amount of electrical Ilow was 
also increased. In this way a device was 
built which could transform the mechanital 
energy of motion into the eltrtrical energy 
represented by the movcanenl of electrons 
in a wire. The device was called a dynamo. 

As the dusk of night descends u])on a 
modern city, millions of ’‘but tons arc jiushed. 
'Die windows of apartment houses and sky- 
scrapers show that electric lainjishave everv- 
where Hooded rooms with light. 'I he mere 
touch of human fingers iijion countless little 
switches has brought a Ilow of electrical 
energy from somewhere. If we had eves 
that could see through brick, stone, and 
steel, we shoulil find that a maze of wires 
runs from each house and building under 
the city streets to several j>owcr stations. 
In these stations coal is burned in huge 
furnaces, and the h(‘at boils water into 
steam, d'he steam is ronv'cyed in pifics to a 
number of steam turbines which whiz around 
at terrilic speed, 'fhe only jiurpose ot each 
.spinning turbine seems to be to turn the 
dynamo to which it is coupled. The electrical 
energy generated by the dynamos llow^s into 
the network of wires which spreads througli- 
out the city. 

In a dynamo w'c find two important parts. 
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From the Hell Gace electric power station this great turns the armature, which is capable of generating 
dynamo, one of the largest in the world, helps supply 165,000 kilowatts of electrical power. Of course the 
New York City with electricity. A steam turbine city owns other dynamos besides this one. 


One is sLalionary and the other is movable. 
'J'he r”oval)l(‘ pari consists of a cylindrical 
drum around whic h coils of wire are wound. 
'1 his is known as the armature (iir'ma-lur). 
The iixed jxirt of the dynamo includes the 
heavy iron framework which carries al^o a 
series of powerful magnets. Of cou r.se these* 
magn<‘ts are not simjile bar or horse shoe 
magnets. Jnstc'ad, lh(*y are electromagnets 
consisting of large coils of wire wound round 
soft iron cores, d'hc'y arc* calk'd “held coils.’’ 

How a Dynamo Works 

When the armature* is cnusc’d to spin, 
powerful electric currents are induct'd to 
how in tlu* armature c'oils. All of these 
coils arc connected together, and the two 
loose ends arc .soldc'red fast to two brass 
rings fastt'iied to the turning shaft. Two 
brushes rest against the brass rings as they 
turn and thus collect the elcctric'al energy. 
Idle brushes connect with iht' network of 
wires. 

Tn the action of a dynamo, one feature is 
very interesting and important, though 
sometimes a little dilhcult to exihain. We 
have already learned that the clirection of 
current llc^w in a coil depends upon the 
direction in wdiich it is moved wdth res]>cct 
to the magnet. New in a .spinning armature 
the coils are moved downw^ard for one-half 


of each revolution and u])ward for the other 
half. Hence the direction of l1ow’ induced 
in the armature wall change wath each half 
of a revolution. An alternating current wall 
result. 

Of course, a current wdiich alternates its 
direction of l1ow' is just as useful for most 
j)urposes as is one with a tknv in one direction 
only. In some resjK'cts alternating current 
is more economical than direct current Vet 
dynamos arc often built so that they deliver 
only direct current. In these cases there is 
another part built into the construction 
about w’hii h we must say a word. 

It is called the “commutator" (kom'u- 
la'ter), and it takes the i)laco of the brass 
ring. As a matter of fact, it is also a brass 
ring, except that it is broken up into strips 
.s('parated from one another by some material 
that does m't carry an electric current. 
Tsually there are tw'ice as many commutator 
strips as there are separate coils in the 
armature. .\s the latter turns, the brushes 
rest against the strips which slide past. 

How the Commutator Works 

At any given instant the brushes receive 
the current generated in one armature coil. 
The coil is mo\ ing past the magnet in a cer- 
lain direction. Later that direction changes: 
but by that time it has passed the brushes 
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and can no longer send its current into the 
network of wires. Another armature coil is 
then in contact with the brushes, delivering 
its current to them in the same direction. 
This continues as the armature spins; so 
that only direct current flows into the net- 
work of wires. 

In the power station to which reference 
was made in a previous paragraph, steam 
turbines turn the dynamos. The energy for 
operating the turbines comes from the burn- 
ing coal or oil in huge furnaces. The more 
electrical energy consumed, the more coal or 
oil is used up. The supply of coal and oil 
is, as yet, far from exhausted; but consider- 
able time and money is spent in carrying the 
fuel to the power station. If another means 
were found for turning the dynamos, a great 
saving might be accomplished. 

It is true that other means are available. 
There is the wind. If moving air could be 
harnessed in some way to turn dynamos, a 
great deal of energy could be saved for the 
activities of mankind. Windmills have been 
known for thousands of years, but they are 
unsuited for turning electric generators. Re- 
cently engineers have designed 


The plant at Muscle Shoals is another vast 
project: it was built during World WarT, 
for the purpose of generating electrical power. ' 
AnoUier such project in the western part of 
the United States is the Colorado River en- 
terprise, where Boulder Dam stores great 
quantities of water for the purpose of turn- 
ing dynamos. 

In order to understand more fully why 
dynamo current is so much more useful than 
battery current, we must know some of the 
things that scientists have learned about the 
flow of electrons in wires. In the first place, 
what is the difference betweeh a small 
amount of electric current and a large 
amount? Since a current is a movement of 
electrons, the number of electrons that pass 
a given point in the wire in a given time is 
what makes the difference in the size of the 
current. In other words, the amount of 
current flow refers to a rate of flow. If two 
million electrons pass a point in a wire every 
second, the current flow is twice as great as 
when only one million electrons pass by. 
Just as ^ve measure length in inches or yards 
and weight in pounds, so we measure electric 
current flow in a unit called 
an ampere (am 'per), named 
after the French scientist Andre 
Ampe rc (oN / 1 ra'6N 'p6r') , who 
lived from 1775 to 1836. When 
six billion billion electrons pass 
a given point on a wire in one 
second, we can say that an 
ampere of electricity is flowing. 
But there is another fact to 
consider about the movement of elec- 
trons. With what pressure do they 
move? Do they move as if a great 
force is pushing them or are they ac- 
tuated by a feeble force? This notion 
of electric pressure is 
difTjcult to understand 
because we cannot see 
electrons. Perhaps we 
can grasp the idea better 
by comixiring the flow 
of electrons in a 
wire with the flow 
of water in a 
pipe. In the lat- 
ter case, two facts 


Anton Flettner. 


large rotating cvlinders which Hero is a ship, the “Baden Baden/* 
.y. . • .u • 1 tas crossed the Atlantic 

utilize the energy in the wind, driven only by the wind. Yet it 

Thus far the scheme has not {“» °° 

, j two vertical cylinders which are 

been applied, and we do not rotated by small motors. When 

know how successful it will be. 

Know now win uc. jn^ers, a difference in air pressure 

The richest source of energy" is set up, and this pushes the whole 

that ordinarily goes to waste 
is that of moving water. All 
over the country, streams and 
rivers have been dammed up 
to form artificial lakes at 
high elevation. By allow- 
ing the water to flow down 
through especially-built chan- 
nels, we can use its pres- 
sure to drive water wheels 
and water turbines. And 
the water wheels and tur- 
bines drive dynamos. 

At Niagara Falls several 
waterpower 
plants furnish 
electrical energy 
for hundreds of 
miles around. 
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This diagram will show you how to connect electric 
measuring instruments. The ammeter, which meas- 
ures the rate of electrical flow, is always connected 

are imporiaut. One is the rate of flow in the 
pipe. The other is the pressure with which 
ihe water flows. It is quite possible to have 
a high rate of flow at low pressure, as in the 
case of water slowly gushing from a huge 
f)ipe. The quantity delivered in a given 
lime is great, but the pressure is low. Or, 
we might have a low rate of flow at high 
pressure, as in the case of a thin, sizzling jet 
is^iuing from a pinhole in a rubber hose. Here 
the cjuanlity of water flowing is small, but 
tlic high pressure causes the jet to shoot far. 

The flow of electrons in a wire may be 
described in a similar manner. A large 
electric flow may be at either low or high 
pressure. A small electric flow may have 
either high or low electric pressure. The 
unit in which we measure electric pressure 
is the volt (volt), named after the Italian 
scientist Volta (1745-1^^27). 

The amount of electric energy delivered 
by a wire depends both upon the rate of flow 
and upon the pressure. In fact, we calcu- 
late electric power by multiplying the voltage 
and the amperage. A dry cell delivering 
twenty amperes at a pressure of one and a 
half volts represents a power consumption 
of 20X I J watts. 'Fhc “watt” is the unit of 
electric power, named after James Watt, the 


“in series’* with the circuit. The voltmeter, which 
measures electric pressure, is always connected across, 
or “in parallel,” with the circuit. 

inventor of the steam engine. An electric 
lamp consuming an electric flow of one-half 
ampere at a voltage of 120 represents a 
power consumption of i x 1 20 or 60 watts. 

When Electric Shocks Are Dangerous 

It is important to note that a dry cell 
always furnishes a pressure of volts, 
while the home current is almost always 
supplied at a pressure of 110 or 120 volts. 
A storage cell yields about 2 volts pressure, 
while the trolley-car line and subway are 
usually operated on an electric pressure of 
about 500 volts. A flash of lightning may 
involve a pressure of 100,000,000 volts. 

High voltages are not necessarily fatal to 
the human body. A great deal depends 
upon the rate of flow which passes through 
the body. If the amperage is very low, one 
feels an electric shock, which usually does 
little harm and may perhaps do some good. 
If both amperage and voltage are high, the 
body is shocked and burned. In such a case 
death may result. 

Why Voltages Must Be Increased 

In connecting electrical devices, one must 
always first find out the voltage at which 
the device was designed to operate. Should 
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At the power house, electricity is generated at an 
electric pressure of 2,300 volts. Since it is more 
economical to transmit electric energy over great dis- 
tances at high voltage, the electricity is sent into a 
step-up transformer. This increases the voltage to 
about 1X5,000. The current is carried across country 
by so-called *<high-tension” cables. As the cables 
approach the city, the high voltage becomes danger- 
ous. Another transformer — this time connected so as 
to “step down” — converts the 115,000 volts to about 
2,200 volts. At this pressure the current flov^s be- 
neath the pavements of the streets. It would still be 

it be attached to a voltage line that is too 
low, it will not operate well, if at all. If the 
voltage of the line is too high, the device 
will probably burn out. 

The electric current generated by dynamos 
must push its way through wires that are 
often hundreds of miles long. The greater 
the distance, the greater the pressure needed. 
However, there is a practical limit to the 
voltage which a dynamo can produce. Engi- 
neers have therefore had to find some way 
to increase voltages after they are obtained 
from the power-station. Furthermore, there 
is much less energy loss all along the line if 
electricity is sent at a high voltage. Thus, 
the electrical engineer is faced with a prob- 
lem. He must generate current at a fairly 


dangerous to permit this voltage to enter a house; so 
another “step-down” transformer is used to change 
the 2,200 volts into ixo volts, the pressure at which 
we use the electrical energy from wall sockets, elec' 
trical chandeliers, and other fixtures. In the circles 
are views of the two types of transformer; these views 
show a difference only in the siie of the wire for out- 
put and input. The pair of thin wires, in each case, 
carries in or leads out -as the case may be — the high- 
voltage current. The heavy wires carry the low-voltaga 
current. When the voltage is high the rate of current 
flow is low, and vice versa. 

low voltage, “step it up” for purposes ot 
transmission, and “step it down” again if 
it is to he used with safety by the consumer. 
All this he does with the aid of another 
device which depends upon Faraday’s prin- 
ciple, and which will now be explained. 

A Development of Faraday’s Experiment 

Let us return to the original experiment of 
Faraday, in which a magnet, moved near a 
coil, induces a current to Ilow in the coil. 
The magnet in question was an ordinary 
bar magnet. But we may replace this with 
an electromagnet and get the same results. 
Now suppose we insert an electromagnet 
into the core of a coil of wire. Let us call 
♦he inside coil the “primary” and the outer 
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coil the “secondary/* Connect the primary 
^c 6 H with a dry cell and the secondary coil 
with an instrument which can register the 
flow of current. The pointer registers “zero.” 
Tf the primary is moved up or down, how- 
ever, the pointer indicates that current is 
being induced in the secondary coil. 

“Stepping Up” an Electrical Current 

Now, instead of moving the i)rimary, dis- 
connect the cell with which it is connected. 
'I'he pointer moves. Connect it again. The 
pointer moves again. Coni inue to make and 
break the* i)rimary circuit. The pointer 
moves violently back and forth, .showing 
that an interrupted flow in the primary in- 
duces a large flow in the secondary. 

Finally, arrange a circuit in which the 
vibrating strip of an electric bell does the 
intcrrui)ting in the primary coil. Tlie effect 
in the secondary coil is the same as before. 
If one measures the voltage induced in the 
secondary and compares it with that supplied 
to /k, i.il'uary, an interesting fact ai)pears. 
'I'he two voltages bear the .same rclation.ship 
to each other as do the numbers of turns in 
llic two coils. Thus if the primary coil has 
roo turns and the secondary coil i,ooo turns, 
the voltage induced in the secondary coil 
is lo times as great as that supplied to the 
j)rimarv coil. Here, then, is the method we 
have been seeking for changing low voltages 
into high and high voltage.s into low. 

Before w’e apply this method to dynamo 
current, let us consider another simple fact. 
In the foregoing j)aragraph we .showed how 
a constantly interrupted ])rimarv current 
flow may induce current to flow in the 
secondary coil. Our method of intcrruj)tu)n 
was to use the vibrator of a bell. This is not 
necessary, for we may use primary current 
that is already constantly fluctuating in 


direction and amount. We refer to alter- 
nating current. In that event, the effect on 
the primary coil is to turn it into a fluctuat- 
ing magnet which is continually changing its 
polarity and its strength. This results in an 
induced current flow in the secondary coil. 

What Is the Use of a Transformer? 

A “transformer” is just such a device as 
is suggested above. It consists of two 
independent coils wound round a soft 
iron core. One coil, of a small number of 
turns, is the primary; the other, of a large 
number of turns, is the secondary. A low- 
voltage fluctuating current sent into the 
primary induces a high-voltage current in 
the secondary. A high-voltage fluctuating 
current sent into the secondary induces a 
low- voltage current in the primary. 

Since an alternating current is already 
fluctuating to start with, transformers are 
generally made to operate on alternating 
current. This gives alternating current a 
very important atl vantage over direct cur- 
rent. By means of a transformer we can 
easily and efTicicntly change the voltage of 
alternating current. It is for this rca.son 
that alternating current has become popular 
for home use. 

Perhaps our readers have seen transformers 
used to run toy electric trains. If so, they 
are familiar with the rather heavy rectangu- 
lar metal box through which the house 
current must first flow, before it is safe to 
use the current on the trains. In this case, 
a voltage of 120 is transformed into one of 
about .six volts. 

Often so much heat is generated in the 
iron core of the transformer that the entire 
apparatus has to be immersed in a tank of 
oil. And the core is made of a series of iron 
sheets rather than of a single mass of iron. 
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WHEN THE EI.EGTRONS START FLOWING 

Note: For basic injormatiofi For statistical and current facts ^ 

not found on this pa^e^ consult consult the Richards Year Book 
the general Index, Vol. 75. Index. 

Interesting Pacts Explained 

What is an electric spark? i— What is meant by alternating 
513 current? 1-516 

What is an electric current? i— The speed of electrons, 1—516 

513 What are se*rics and ]>arallel cir- 

Good and poor .:onductors of cuits? i 516-17 

electricity, i 514 'fhe telephone, 1-518-20 

Things to Think About 

What are the advantapos and dis- How arc sound waves translated 

advantages of parallel and by the telephone? 

series circuits? Ht>w may we increase the current 

How is heat produced by means output f)r the voltage of dry 

of electricity? cells? 

Picture Hunt 

How does a switch control the of lower resistance? 1-515 

movement of electrons? i— How is electric heat used to weld 

514 automobile bodies into a single 

Why does high-resistance wire unit? 1-5 13 

get hot more easily than wire 

Related Material 

How does a diver communicate How are pictures sent by telc- 
with his ship? 10 522 pht»ne? 10-94-99 

How is the telejdionc used in cer- Hi»w is electricity used to operate 
tain theaters to aid the deaf? electrical heating units? i- 

I 1-5 10 523 

What made the long-distance What is the economic importance 
telephone possible? 10-112- of elecuicity? 7-499 

13 

Practical Applications 

How is the electron put to work helped to do away with squeaks 

in the telephone? i -518-20 and rattles in the automobile? 

How has the use of electricity i^5a3 

Teisure^time A ctii ities 

PROJECT NO. i: Connect dry PROJECT NO. 2: Make a tele- 
cells in series, and in parallel cir- phone from two radio earphones, 
cuit, 1-508. 1-520. 

Summary Statement 

Electrons move more readily if path to and from a .source of sup- 
there is a complete conducting ply. 
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When electrons jump between two conductors through a tremendous electric arc, so hot that it can melt iron 

an air gap, they heat the air molecules and the mole- and steel. In fact, the arc is being used to weld to- 

cules of vaporized metal which are carried across the gether the steel plates of an automobile body. In this 

gap. This beat is so great that light is given off We way we get rid of squeaks and rattles in a car, and 

call it an electric spark or arc. In the picture we see make the automobile body much stronger. 


WHEN the ELECTRONS START FLOWING 

Vast and Mighty Things Begin to Happen from the Forces They 
Send through the World at Lightning Speed 


HE factory covered acres of ground 
and cnijiloyed several thousand work- 
ers. A constant .stream of trains, 
trucks, and river barges brought tons of raw 
materials; and another long stream of vehicles 
carried away the finished products. These 
consisted of many kinds of household arti- 
cles, each of special design and each prop- 
erly wrapped or boxed. 

In the main ollice sat the superintendent. 
Tn front of him, above his desk, was a pjinel- 
board on which small colored lamps con- 
stantly blinked in changing positions. At 
his right was a long row of buttons, each 
labeled with the name of a ilifTerent depart- 
ment head. At his left were a number of 
telephones and also a microplione and loud 
speaker. 

Watching intently the progress of a green 
light across the panel, the superintendent 


frowned. Something was holding up an 
important process. Pressing a button, he 
leaned toward the microphone. A second 
later the loud speaker sounded: “John Brown 
speaking.” 

“Anything the matter in your depart- 
ment?” asked the suiierintendeiit. 

“Yes, chief. A blown fuse has stopped a 
row of machines. We are fixing it in a 
hurry. Can you send us another mechanic? 
We need help.” 

Pushing another button, the chief soon 
arranged for the nccessar}’ help. 

A little later a buzzer sounded, to call his 
attention to the needs of another depart- 
ment. Within an hour he had spoken to 
ten different men. He h«ad called in his 
secretary to take dictation, had spoken to 
his family over a private wire, and had been 
called on the telephone by a customer in 
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The diagrams above will show you how a wall switch 
works. When the switch if **off,*' a large air gap 
between A and B breaks the circuit. When the switch 
is in the “on” position, the space between A and B 

California. When the air in the room be- 
came a little close, he pressed a button which 
started a ventilating system. As part of a 
morning’s work, he had even held a two- 
minute convensiition with the tirni’s repre- 
sentative in London. 

How We Depend on Moving Electrons 

From the narrow coniines of his oflice this 
man kept in personal touch with e\ ery phas<' 
of a very complex factory and business. He 
himself did not move from his scat, but many 
mechanical and electrical messengers trans- 
mitted his words and his commands. One 
thing and one thing only made possible such 
complete control — a current of electricity, 
a flow of electrons. 

Not only in manufacturing and in busi- 
ness, but in our homes as well, we are very 
dependent upon moving electrons. They 
serve us in so many ways that space does not 
permit of telling about them all. We can, 
how'cvcr, give close attenlir)n to the manner 
in which a flow of electrons behaves. 

Most metals are good conductors of elec- 
tricity. The earth, too, is a good coiuluctor, 
especially if it is wet. Dry air is a poor 
conductor, as is distilled water; but impure 
tap water conducts electrons to some ex- 
tent. Among the metals, Gk^rmaii silver and 
nichrome- an alloy of nickel and chromium 
— are among the poorest carriers of elec- 
tricity. 

The poorest metal conductors arc better 


is bridged by a metallic conductor of electricity; for 
the piece of metal that was at B has now been moved 
up to A. The circuit is closed, and an electric current 
can now flow through the switch. 

carriers of electric current than arc sul)- 
stances like silk, cotton, rubber, glass, and 
fur. lOlectrons do not strni to be able to 
flow through these materials. They are 
called “insulators'’ (in'siVla'ter), and are 
used to prevent the (low of electric energy 
from one ])lace to another. ITactically 
every wire used to bring eleclrieity inP; the 
liome is cov(Ted with two or more layers of 
insulating material. 

Although air is ordinarily an insulator, it 
can be marie to transmit a flow of electrons 
under certain conditions. '‘Moisture improves 
the carrying ])ower of air, as (1 (k‘S also an 
increase of ihe village or j)res.siire forcing 
the electrons to move. In a lightning Hash, 
many trillions of electrons dash through the 
air because the voltage is so great. An in- 
teresting method for improving the con- 
ductivity of air is to decrease its pressure. 
'I'his method has, in recent years, received a 
great deal of attention and study. The 
radio vacuum tube, the X-ray tube, and the 
neon glow lamp are a few of the inventions 
that have resulted from this study of the 
How of electrons through vacuums and 
partial vacuums. 

The Path of the Electrons 

Unle.ss there is a complete conducting 
path to and from a source of supply, electrons 
do not begin to move. This is one of the 
greatest conveniences about the flow of 
electrons, since it provides an easy means 
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for btarting and stopj)ing their movcinenl. the flow of electrons less than do poor ones. 

An entire conducting path is completed, Insulators offer so much resistance that 

except for one small push button or switch practically no electrons can move through 
in which a gap in the path is furnished. All them. 

one needs to do is to close this gap by jnjsh- It is often necessary to measure this re- 

ing, and the electric energy flows. Thus sistance t)rfered by a conductor. A German 

electricity becomes the servant of man, al- scientist named Ohm (omj was one of the 
ways ready to do first men to at- 

his bidding and tempt this, and 

waiting for the K science has hon- 

final touch which g ored his memory 

jiermits the action by naming the 

to proceed. unit of electrical 

At th(! same f, resistance after 

time this need for ’ him. Thus we siiy 

a comjilete path is that copper wire 

sometimes a nui- of a certain size 

sauce; for many offers a resistance 

things can cause to the flow of 

a n u n k 11 o w' n electrons of i ohm 

break in the per foot of length; 

binding offers a resistance 

post. When the of 8 ohms per 

lights go out be- fool; and so on. 

cause of As might be 

^'blown’’ fusC) it guessed, the thin- 

again a break ner and the longer 

the 

electrons; but this Recently 

should be treated scientists have be- 

as a warning that The thinner the wire, the greater is the resistance which it offers come very much 

.1 . • to the flow of electrons. This is illustrated in the lower picture, • 

sometning is jq which the artist has tried to show a crowding of electrons mic rested in me 

W’ronu rallier t**® consequent heating of the thin part of the wire. All resistance of wires 
” ’ this may be compared with the flow of water from a large pipe , i i ♦ 

Ilian as a nui- and a small pipe, as shown in the upper picture. Through the Inat arc cooled to 




something 
wrong, rat] 
than as a i 


sanre or a cause narrow opening, the jet shoots out farther, although the water ^ temperature of 
Kji pressure IS the same in both tanks. ^ 


for imiiatience. 

And there is another important fact about 
broken paths. A sufliciently high voltage 
may jump a gap in a circuit or break through 
the insulating material. For this reason all 
buttons, switches, and insulators must al- 
ways be constructed with due regard to the 
el(‘( tric jiressure which will urge the elec- 
trons to flow' in any given circuit. 

What Is an Ohm? 

Wc already know' that some .substances 
are better conductors than others. One 
might say that good conductors obstruct 


almost absolute 
zero, which is 459.6 degrees below zero on 
the Fahrenheit scale. The resistance be- 
comes so low that the electrons llow through 
the conductor in great numbers and for a 
long time. As yet, no practical use for this 
fact has been found. 

We now know' three units in terms of 
which the llow^ of electrons may be measured. 
These are the ampere, the volt, and the 
ohm. 'I'he first measures the rate of flow, 
the second the jiressure which urges the 
electrons to flow', and the third the resistance 
of the conductor to the flow. While e\- 


5^5 


WHEN THE ELECTRONS START FLOWING 


perimenting with the flow of electrons, Ohm flow is always the same, as is also the rate, 
discovered a connection among the three Battery currents always deliver direct cyr- 
units. He found that the greater the pres- rent. 

sure on a conductor of a certain resistance, Sometimes when a flow of current is in 
the greater the flow; and also that, with a one direction, the rate still fluctuates in 
certain fixed pressure, the path of less re- amount. Such a flow is called a “variable 
sistance permits a greater current flow. The current.'’ It is extremely important in the 
idea can be put into words as action of the telephone, radio, and 

follows: The volts always television, 

equal the product of suppose 

the amperes and the that w'c wish to con- 

ohms, in a completed nect a small lamp so 

electrical circuit. that it will be 

Thus an electric lighted by a 

toaster through w'hen we 

which 4 amperes press a button, 

are flowing when The cell stands 

the voltage is 120 to the left of 

obstructing the the lamp as we 

flow to the 30 

ohms; since 120 = 4 X 30- 

On an earlier page, while taching the wires tlirectly, we 

describing the action of a- _ . . could carry them westward for 

dynamo, wc pointed out that thousands of miles until the 

within the armature coil the S 

flow of current WJIS continually time around the earth. How long ersed. I 'inally w e should ar- 
changing in direction. This rive at the starting point where 

was due to the fact that each globe? Not counting certain mag- the wdres are connected W’illi 
coil of the moving armature 8tow7i!:S ttrSw 'f "‘'•e »lone 

moved downward during one- what, the elec^c current would do at the Equator, there would 
half of each turn and upward * be nearly- 25,000 miles of 

during the remaining half of the turn. The double wire between the cell and the lamp. 


flow of electrons delivered to the line is there- 
fore an “alternating” otic. If the armature 
revolves sixty times a second, the direction of 
flow changes twice sixty times every second. 
Not only is there a change in the direction 
of the flow; but the amount of flow increases 
from zero to a maxium value and decreases 
again to zero during each half turn. A 
graph of these changes drawn on paper 
would look like a wave. 

The alternating current supplied to our 
homes is usually a flow which changes in 
amount in the way wc have described, and 
which goes through 60 alternations in di- 
rection. It is therefore called a “60-cycle 
A.C.” — “A.C.” meaning “alternating cur- 
rent.” If D.C. — direct current — is desired, 
the dynamo is equipped with a commutator 
and- brushes. This we have already learned. 
In the case of direct current, the direction of 


lu uue aewuu. i , f 

be nearly- 25,000 miles of 
double wdre betwx*eii the cell and the lamp. 
As the button is pressed, the electrons 
must flow’ through the (‘nlire distance be- 
fore the lamp can light. How long after 
you close the circuit does the liglit a])pear? 
It would light in a fraction of a second; for 
electrons flow lhrt)ugh a ct)nduct()r at the 
rate of almost i8(i,ooo miles a second. Such 
speed is almost unimiiginable. It is fast 
enough to travel seven times around the 
earth at the Equator in a second. Of course, 
one dry cell is hardly able to j)ush electrons 
through such a hmg conductor. 

A Connection in Series 

Several dilTerent conductors may be con- 
nected in such a way that electrons will 
flow first through one, then through the 
next, and so on. The lamps on a string of 
Christmas tree decorations are a good ex- 
ample of this way of connecting conductors. 
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The cut at the left illustrates the effect of connecting 
dry cells *'in series** and *‘in parallel.** Just as in the 
case of water tanks connected in series, the pressure — 
or voltage of electricity— is increased. Connection in 
parallel, both of water tanks and of dry cells, results 
in no increase of pressure; but it provides a flow for a 
longer time. At the right is an illustration of the 
effect of connecting lamps **in series’* and **in parallel.*’ 
Eight lamps, each built to light normally at an electrical 


pressure of 14 volts, may be connected **in series** — 
without danger of burning them out — to a source of 
current where the pressure is 1x2 volts. The connec- 
tion here is such that if one lamp bums out or is 
unscrewed, all the other lamps go out. At the extreme 
right of the page three lamps, each built to light 
normally at an electrical pressure of no volts, are 
shown connected *‘in parallel** across the xio-volt 
line. Each lamp is independent of the others. 


When one lamp burns out, a gap in the 
circuit results which causes all the lamps to 
go When the defective bulb is re- 

placed, the entire string lights up once more, 
since the electrons can now flow through one 
lamp after another in a completed circuit. 
Such a connnection is called a ‘ ‘connection 
in series.” Tl adds the resistance of each 
conducting path to that of all the others in 
the series and makes necessary a large elec- 
tric ])ressure to force electrons through them 
all. 

What Is the Connective Parallel? 

Cells, loo, are con nee ted in series when 
the carbon of one cell is attached to the 
zinc of the next coll. In this way, the pres- 
sure of eacli cell is added to that of the others. 
Ihus the voltage of four cells connected in 
series is 4 X ^ six volts. • 

Several conductors may be connected so 
that electrons will flow through all of them 
at the same time. The electric lamps which 
light up our homes are not like those on a 
Christmas tree. One lamp can burn out 
without affecting any of the others, because 
the fl(^w of electrons takes place through all 
of them at the same time. An examination 
of the connecting wires show's that each 
house lamp is attached to the source of 
current by an independent pair of connecting 


wires. Such a scheme is called a “connective 
parallel.” Here the resistance of each path 
is not added to the otliers. In fact, the total 
resistance is decreased by virtue of the fact 
that so many avenues of flow are j^rovided. 

When cells are connected in parallel, all 
the carbons are attached to the same wire 
and all the zincs arc connected with a second 
wire. The two wires act as the source of 
current supply. The voltage, in this case, 
is not increased, no matter how many cells 
are used. The voltage remains at i J^, which 
is the jjressure exerted by any one cell. The 
advantage of a parallel connection of cells 
lies in the fact that they can, in this way, 
deliver a larger rate of flow for a longer lime. 

A good example of parallel connection is 
to be found in the signaling buttons on a 
bus, trolley car, or house elevator. Every 
button rings the same bell. 

Bell’s Work on the Telephone 

The experiments which led Alexander 
Graham Bell to the invention of the tele- 
phone all had to do with the flow of electrons 
in a completed conducting path. Bell did 
not begin with the idea of sending speech 
through wires. He wanted merely to devise 
a better form of telegraph. He was quite 
familiar with the work of Morse and under- 
stood how the better made use of an electric 
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^ CONNECTING WlHhS- 


BATItRY 
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Directly above is a picture of the air vibrations as 
they come from your lips when you say “Bell tele- 
phone.’* When these vibrations pass through the 
transmitter, they are turned into electrical impulses, 
but their arrangement is the same. At the top are 

How through a coil to click a ])iccc* of iron. 
HuL as a student of Sjiecih and music, he 
wished to utilize the same l1ow for mi»re 
pleasing sounds than a sharp click. He 
thought that musiial tones could also lie 
conveyed by niiiving electrons. Of course 
Uell did not think in terms of elet irons, 
siiu(‘ he knew nothing of the electron theory. 

The Essential Parts of a Telephone 

Klsewhere in the^e vi)lumes we have tol 1 
the fascinating story of liow Ik’ll and his 
assistant struggled for years with tin- jirob- 
lem of improving the telegraph. I'he thrill 
which came when tliey stiunbled on a result 
that pushed the telegrajih forever i)ul of 
their minds was one seldom c\})eriencetl by 
human beings. They w'ere thrilled by the 
fact that a How of current can transmit 
faithfully the tiny lluctuations of sjieech. 
They proce'eded at once to build the iiistru- 
menl which, in only a few decade^, became 
tlie modern lelephone. 


the various parts of the telephone. No. z shows 
you the sound waves entering the transmitter. No. 2 
is the diaphragm; No. 3, carbon granules; No. 4, 
connecting wires; No. 5, coil with iron core; No. 6, 
diaphragm; No. 7, sound waves leaving receiver. 

As we examine the instrument which 
stands on our table at home, \\c see a trans- 
mitter, or mouthpiei e, and a receiver through 
which we listen. In our mind’s eye we see 
a similar combination in the home of the 
person to whom we wish to s]^eak. Between 
the tw’o homes st retell wires that first reach 
a telephone exchange where proper con- 
nections are made. Strip])e<l of all com- 
plications such as dialing ilevices and signal- 
ing bells, the nu»dern telejihone consists of 
three essential jiarls: a transmitter, a circuit, 
and a rcTeiver. 

How a Telephone Works 

The transmitter is a hard rubber horn 
held fast in a round base. Just back of the 
horn is a disk. J'alking against this disk 
causes it to vibrate in accordance with the 
.sounds made. 'I'he movements of the disk 
push back and forth upon a number of 
sharp carbon chips in a metal container. 

Wires lead to the Iranjiniltcr, carrying a 
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small direct current flow through the carbon 
chips. When the disk is motionless — that 
is, when no one is talking into the mouth- 
piece — this flow of electrons is at a constant 
rate. The flow is small because the loosely 
packed chips offer great resistance; but 
when the disk begins to vibrate, the carbon 
chips are pressed closer together and re- 
leased. This results in a variable rate of 
current flow. In fact, the variations in the 
flow correspond to the vibrations of the 
disk. If one says '‘Hello” into the mouth- 
piece, the disk vibrates in a "Hello” manner 
and the resulting variable current is a 
"Hello” current. Thus, the sole purpose of 
the transmitter is to change the fluctuations 
of speech into fluctuating electric currents. 

The circuit includes a source of direct 
current at the central exchange, a group of 
conducting wires, a signaling device, and 
several means for "stepping up” the voltage 
of the speech current in order to carry it over 
long distances. The hook on wliich the re- 
ceiver hangs moves up when the receiver is 
lifted. While the hook is down, the bell 
circuit may operate, but the speaking cir- 
cuit cannot. Upon the lifting of the re- 
ceiver, the signaling path is broken and the 
speaking circuit is ready to operate. 

Two devices are to-day employ<Kl for in- 
creasing the voltage needed for long dis- 
tances. One is the induction coil about 
which we have learned in a former story, 
and the other is the vacuum tube, which 
will be explained in a later one. 

What Is the Receiver? 

In many of the modern telephone instru- 
ments the receiver and transmitter are built 
in one piece, so shaped that one hand can 
hold the proper parts to the mouth and ear. 
In the older form of instrument, the receiver 
is an independent device. In cither case, 
however, the receiver consists of an elec- 
tromagnet wound around a permanent steel 
magnet. Near the permanent steel magnet 
is a round iron disk. All parts are incased 
in a hard rubber frame, shaped to fit the 
human ear. The ends of the electromagnet 
coil are drawn out of the case and con- 
nect with the circuit previously described. 


Let us now consider what happens when 
a "Hello” current reaches the telephone 
receiver. Prior to its arrival, the iron disk 
is held motionless by the steel magnet, 
though the disk is free to vibrate. The ar- 
riving current is a variable one. Hence it 
will result in a fluctuating magnetic pull on 
the part of the electromagnet. The latter 
therefore weakens and strengthens the ef- 
fect of the permanent magnet. The disk 
then responds by being pulled over more 
and by being released, following the current 
fluctuations. In other words, the disk 
vibrates back and forth. Exactly how docs 
it vibrate? In accordance with the variable 
current that arrives. But these variations 
are due to the word “Hello.” Hence the 
disk vibrates in a "Hello” manner, producing 
the sound of the word “Hello.” 

The Two Receivers Bell Used 

When Bell and Watson built their first 
telephone, they did not use the carbon chip 
transmitter. That w'as an improvement for 
which Edison w^as responsible, some years 
after the invention was announced. In- 
stead, they used two receivers, one for talk- 
ing and one for listening. I'hat this is pos- 
sible can be proved by anyone who cares 
to connect twr) radio head-sets. The head- 
sets arc telephone receivers compactly built. 
No source of current is necessary — just two 
wires, each loo feet long, between one head- 
set and the other. Using one of the receivers 
as a mouthpiece and the other as an car- 
I)iece, we can easily carry on a conversation, 
provided that the intervening distance is 
not too great. What is the explanation? 

Talking into a receiver causes the iron 
disk to vibrate. Since the latter is a magnet 
by induction and since it is moving near a 
coil of wire, a current is induced to flow in 
the coil. I'his is in accordance with Fara- 
day’s great discovery. The induced current 
flow fluctuates in accordance with the 
sounds made. Hence a speech current is 
generated. Again, sound vibrations have 
been changed into a fluctuating flow of 
electrons. The receiver at the other end 
changes the variable current back into 
sound in the manner already described. 
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ELECTRICITY 


Reading Unit 
No. 5 


HOW THE ELECTRONS WHIRL OUR 

WHEELS 

Note: For basic information For statistical and current facts ^ 

not found on this page, consult consult the Richards Year Book 
the general Index, VoL 75. Index. 

• Interesting Facts Explained 

What are the different effects of The electric iron, 1—523 

the flow of an electric current? The kilowatt-hour, 1-523-24 

I 52^-23 Dangers of electricity, 1—524 

What determines the amount of Fuses. 1-524 

heat developed from an electric The electric lamp, 1-525 
current? 1—523 The electric motor, 1—527-28 

F kings to Think About 

What is believed to be the cause Why do electric lamps “burn 
of the Aurora Borealis? out”? 

How may electricity make a wire What makes an electric motor 
red-hot? revolve? 

Picture Hunt 

How is electricity used in the What happens in a flashlight 
modern kitchen? 9-442 when the current is turned on? 

What are the necessary parts of a 1-527 

modern electric lamp? 1-525 

ReUited Material 

What were Edison’s inventions? lured? 1—506-8 

13-442-43 How is electricity used in refrig- 

How is electricity used in motion eration? 1-410, 10-518-19 

pictures? 10 503-b How is electricity used in light- 

How is traffic controlled by houses? 10-226, 228 

means of electricity? 10-156 How is electricity used in mines? 
How is electric current manufac- 9-417, 445 

Practical A pplications 

How does modern civilization use electricity to make her work 

the electric motor? 1-528 easier?’ 1-522 

How does the housewife use 

Eeisure~time A ctivities 

PROJECT NO. I : Examine PROJECT NO. 2 : Produce heat 
your flashlight and learn how it from electricity, using dry cells, 
works, 1-527- 1-522-23. 

Summary Statement 

Electricity furnishes man with convenient means of doing the 
light, heat, and power. More and work of the world, 
more, it is becoming the most 
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I'hoto hj General Kleclrlr (’o. 

Electrons run our stoves, refrigerators, lights, radios, coffee-grinders and makers, juicers, and mixers. How 
clocks* toasters, washing machines, dishwashers, irons, many electrical devices can you find in this kitchen? 


HOW the ELECTRONS WHIRL OUR WHEELS 

This Will Tell about the Vast Machines That Send Vs Light, 
Heat, and Power through the Wires ^ 

F A list were made of all the different Ilow of electrons we have said little thus far. 
uses to which a flow of electrons may Whenever a current Hows through a wire, 
be put, the items in the long list the wire gets warmer. This effect has many 
could be divided into four clifTerent kinds, interesting uses. All the facts relating to the 
First there would be those uses that have to behavior of electrons make ui) the .science of 
rio with chemical action. On a former page electronics (e-lOk-tron'lks). 
we have told how an electric current pro- If you allow the ends of a piece of wire lf» 
duces chemical changes and how^ these may touch the terminals of a new dry cell, you 
result in a flow of electrons. Second, there are likely to smell smoke before long. Then 
would be a group of uses wdnch depend upon you may see the cotton covering around the 
magnetic effects. Oersted showed that the wire getting charred. You will probably dis- 
llow of cuirent can make a magnet move, connect the wire pretty quickly, 
and Faraday proved that a moA ing magnet Afraid that your dry cell is ruined, you 
can make electricity flow. The third kind decide that you may as well use it for other 
of use for an electric current has ils effect heating c.\i)CTimcnts. You try an iron wire, 
upon our nerves and the body in general, a copper wire, and several other kinds. Tn 
We feel a ^‘shock.” Under some conditions each case the conductor gets hot, but to a 
this effect is beneficial; umler certain other different degree. You then begin to wonder 
conditions, it may be injurious and even whether a wire can be made hot enough to 
fatal. About the fourth type of use for the glow; but one cell does not seem to be 
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enough for this. \'ou grow so inlereslerl 
that make up your mind to sacrifice 
pother cells if necessary. Eventually, you 
try four cells connected in series, and they 
make a thin iron wire get red hot. Later 
you connect a short coj:)]jer wire across the 
terminals of an automobile storage battery. 
In a flash, the wire melts from the heat. 
'Fhe sport is rather dangerous, both to your- 
self and to the battery; 
but one could learn a 
good deal from the ex- 
periments. 

In the first place, you 
find that the amount of 
heat generated depends 
ujwm the amount of 
current flowdng — the 
greater the current, the 
greater the heat. 

Secondly, the kind of 
wire used is important. 

'I'he good conductors 
devf'b.j'. heat than 



the poor ones, if all 
other conditions are the 
same ---in other words, 

the greater th resist- electrons flow in great numbers through a 


A common device for using the heat in a 
conductor of a How of electrons is the elec- 
tric iron; embedded in the interior and sur- 
rounded by asbestos is a coil of high-resist- 
ance wire, called the “heating unit.'’ The 
metal used is frerjuently an alloy of nickel 
and chromium. This alloy has not only a 
high resistance but a high melting point as 
well. Eurthcrmorc, it is not easily affected 
by the oxygen of the 
air. In an electric iron, 
the length of the heat- 
ing wire is usually made 
such that 120 volts 
pressure can force 
through it a current 
flow of about 5 am- 
peres. Reading the 
label plate of such an 
iron, we find the fol- 
lowing legend: ‘‘120 
volts— 600 watts.” Ob- 
viously, the watts are 
calculated by miiltiidy- 
ing the voltage ))y the 
ami)eragc, since 120X 
5-000. 


, . ^ « 41. Manv other electric 

, , piece of wire that resists the flow, the wire grows , . ' . 

ance, the greater the hot. In time it may get hot enough to glow and heating devices arc em- 

even to melt. This explains the glow of the short ,J,vved In-dav in the 

. wire in the electrical circuit above. pio\c(i lo-aav in me 

Thirdly, it alw^ays home and in industry, 

takes a little time for wires to get hot. The All of them contain a “heating unit” of the 
longer the current llows, the greater is the kind described above, 'the length of wire 


heat generated. 

rinally, you disco\cr that of the three 
factors, current strength, resistance, and 
time, the first is the most inijxirtanl. A 
slight increase in the amount of current more 
than makes ui> for a sliglit decrease in re- 
sistance or in time duration. 

Scientists who have studied this matter 
carefully combine all of these facts in one 
statement. 'I'o calculate the amount of heat 
developed, they niullijily the scjuarc of the 
current Ilow' by the resistance and by the 
time of llow\ 'riius, a Ilow of 2 amptTes 
through a conductor of 5 ohms resistance 
during a time interval of 20 seconds, develops 
400 units of heal. The total is oblainetl as 
follows: 

2X2X5X20 = 400 


used, however, is not the same in all. An 
electric toaster ]>ermits about 5 amperes to 
ilow, a cxilTee percolator 5 amperes, a cooking 
stove 7 to 10 amperes, a arming pad about 
2 amperes, and a hot-water heater from 12 
to 15 am|)eres. 

Why Electricity May Be a Menace 

It is very Lonvenient to use electricity for 
heating jiurposes. Ihe heat is always ready 
at hand and it inxolvcs no dirty fires, smoke, 
or ash removal. Rut it is also rather ex- 
])ensive. Some notion of the cost may be 
got by considering the charges which elec- 
tric companies make. Their meters read 
in units called “kilowatt-hours,” and for 
each kilowatt-hour the charge is about seven 
cents. Of course, it may vary in different 
places. Xow a kilowatt is i,cxx) watts. 
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Using electric energy for one hour at the 
rate of i,ooo watts adds seven cents to the 
bill. Thus, a 6oo-watt electric iron in use 
for five hours consumes 3,000 watt-hours of 
electric energy. This is the same as 3 kilo- 
watt-hours, and it costs about 21 cents. In 
the course of a month the bill will run up. 

Like many other 

strone servants of 


strong servants of 
man, electricity is a ^ 
menace and a dan- 
ger when it gets out 
of control. The 
modern home is en- 
meshed in a net- 
work of wires 
through which cur- 
rents flow. In the 
walls, ceiling, and K 
floor of every room 
wires are being 
heated whenever 
electricity is used. 

What shall keep 
them from getting 
hot enough to set 
fire to the house? 

The first measure 
of safety is taken 
by the electrician 
when he installs the 
wiring system. He 
is required by law 

to do his work in ueuerai weetne co. coutrols the maxi- 
certain wavs. Above are portraits of two of the greatest electrical mum amount of 

^ I " c world has ever produced. They are Edison, at the left, , . _ 

Wires must be 01 and Steinmetz. Both are now dead, but the products of their current which can 

the proper thick- «»“ flow. A five-am- 



out is to break open a fuse cartridge or, if it 
is a screw receptacle type of fuse, to lo^»k 
into the small mica window. In the latter 
case, one sees a bit of wire which bridges the 
gap between the bottom of the receptacle 
and the side. Removing this wire, one finds 
it soft and pliable. And it melts very easily. 

The heat of a match 
is .sufficient to 
liquefy the metal. 
^ In a cartridge fuse 
I the same kind of 
wire will be found. 
Since the piece of 
4 fuse wire is part of 
^ the electrical cir- 
cuit, all the current 
used in a given part 
of the house must 
pass through it. 
Hence it gets warm. 
Whether or not it 
melts depends upon 
how thin it is; for 
less metal requires 
less heat to melt it. 
Should thefuse wire 
melt, the conduct- 
ing path is broken 
and no current at 
^ all can flow in that 
section of the cir- 
cuit. Thus the fuse 
controls the maxi- 
j^greatest electrical wizards mum amount of 


the proper thick- continue to add comfoi 

ness and kind; they 

must be insulated and incased in a fireproof 
conduit. The number of sockets and outlets 
is carefully specified, as is the number of 
switches. If the government inspector finds 
anything that is not in accordance with the 
‘‘Electrical Code of Rules and Regulations,’’ 
he insists that the work be done over again. 
He may even take away the electrician’s 
license if they have been disobeyed in any 
way. Above all, the inspector examines the 
fuse boxes and the fuses, for these are the 
greatest protection we have against fires from 
overheated electric wires. 

What is a fuse? The best way of finding 


ana convenience to our lives ^ five-am- 

perc fuse melts 
when more than five amperes are caused to 
flow; a ten-ampere fuse melts when the cur- 
rent consumption goes beyond ten amperes. 
Fuses arc stamped with a number indicating 
the maximum amount of current which they 
will allow to pass without melting. Our 
homes arc usually fused for a maximum 
current flow of 10 ampercsi Before putting 
in a fuse, one should determine its carrying 
power. A large fuse may seem convenient, 
since it is less likely to melt and interrupt 
the use of current. But a fuse that is too 
large offers no protection. It may permit so 
great a flow that the wires in the walls will 
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3upp'^: 


get hot enough to start a dangerous fire, 
fuse that has melted is a “blown” fuse, 
t must be replaced, if we want to use the 
current again. The most common reason for 
“blown” fuses is the “short circuit.” What 
causes a short circuit? 

We have learned that the smaller the 
resistance which a conducting path offers, 
the greater is the flow of electrons. If, while 
the current is flowing 
in a completed circuit, 
another path is sud- 
denly provided whose 
resistance is only onc- 
tenth of that in the oUl 
path, ten times as 
much current will flow 
through the new path. 

This new path is called 
a short circuit. Defec- 
tive wiring will . fre- 
ciucntly bring the two 
wires leading to a lamp 
to directly in- 

stead of being con- 
nected through the 
lamp filament. The re- 
sistance of a direct 
touch of this kind may 
be loo times less than 
that of the path of- 


"y^cuum I 

Tm^ten ^ 



Screvt^ socket 
contact 


'Ihmwial contact 


one before Edison devised a scheme for re- 
moving the air from the glass globe. As 
long as the oxygen of the air surrounded the 
white-hot wire or filament, the wire was 
simply burned up very quickly. 

The story of Edison’s struggles in per- 
fecting his lamp is one of the most romantic 
in the history of science. Some of the de- 
tails of this story have been described else- 
where in these vol- 
umes. But there is one 
aspect of Edison’s 
work with the lamp 
which must be men- 
tioned here, for it re- 
sulted in a develop- 
ment which made the 
radio tK)ssible. 

The hot filament 
does not burn, because 
thcrt‘ is no oxygen to 
support combustion in 
the globe. Why, then, 
does not the filament 
last forever? Every- 
one knows that lamps 
do “burn out” eventu- 
ally. The w’ords “burn 
out” are really an er- 
ror. Tf w’e look at a 
used lamp, we find that 
the inside of the glass 


Button 

rod 


Jor 

‘ eifacuation 


■Seal n/ter 
e^iacuatinn 


H«re are all the essential parts of a modem electric 
lamp. Notice how thin is the wire which the elec- 
Thf- tricity makes hot enough to glow. Notice, too, how 
lerea Dy tneiamp. int this filament of wire is supported. Of course there 

sudden rush of lOO must be no oxygen inside ^he globe, for then the globe is blackened, but 
times as much current 
through the “short circuit” melts the fuse. 

The modern electric lamp consists, 


wire would bum up. that most of the fila- 

ment is still intact, except for a single tiny 
es- break. 


sentially, of a metal wire incased in a closed 
glass globe. The wire is made of tungsten, 
and the space around it either is a vacuum 
or is filled with a gas that contains no oxygen. 

Since the heating effect produced by the 
flow of an electric current has been known 
for more than 125 years, one wonders why 
the w-orld waited until 1879 before Edison 
invented the electric light. As a matter of 
fact, many men before Edison thought of 
heating a wire hot enough to make it glow 
by means of electricity. But for two reasons 
they failed to make a workable lamp. They 
did not have at hand any large source of 
current, such as the dynamo. They were 
compelled to use battery current. And no 


Why a Lamp Bums Out 

Tn order to understand what has happened, 
let us remember that the molecules of a 
heated body arc vibrating violently. There 
arc trillions of molecular collisions, in W'hich 
some of the molecules are thrown out of the 
filament. These are deposited on the inside 
surface of the glass, causing it to become 
discolored. It is as if the hot metal wire 
WTTC boiling away from the solid state di- 
rectly into the gaseous. Since there is no 
air pressure within the globe, this boiling 
process is unrestrained. In the end, some 
portion of the filament loses so many mole- 
cules that it is weakened. A slight jar causes 




It is only in northern lands that this beautiful display, 
known as the **northem lights” or aurora borealis 
(d-r6'ri bb'rt-k'lls), is seen at its best. The Eskimo 
sees it in all its mysterious splendor, when great rays 
of colored light play over the snow in pearly waves. 
But the sight is visible as far south as New York, 
where, in pale yellow light, it ripples over the northern 
sky or gleams like a pale white band with flickering, 
flamelike edges. Occasionally it is like a curtain that 
waves slowly back and forth. The aurora is one of 
the tricks that electricity can play, it takes place 


high in the upper air, some fifty miles up or more 
and sometimes as high as two hundred miles. It is 
usually finest at periods when the sun has a great 
many spots. No one knows exactly what makes it, 
but it is noticeable that at the time of a brilliant aurora 
there are magnetic disturbances everywhere. They 
used to upset the work of telegraph operators, who, 
before their instruments were perfected, sent messages 
that got nowhere at all. People living south of the 
Equator see an aurora that plays over the South Pole; 
and there, as with us, it comes oftener in summer. 


it to snap, and so the conducting path is 
broken. 'J'he lamp is then said to be *‘l)urnt 
out.” 

Edison was much interested in this boiling 
away of the filament in a vacuum. He called 
attention to it, but did not find time to study 

5 


it furl her. Other men later investigated it 
and perhirmerl exjieriments which led to the 
invention of the vacuum tube — the heart of 
radio receiving and transmitting sets. 

The evaporation of a heated filament in a 
vacuum led also to several improvements in 






electric lighting. One engineer thouglu of 
thj; idea of taking out only the oxygen from 
/Within the lamj). He left the nitrogen and 
other gases behind. He was glad to find that 
this not only lengthened the life of the fila- 
ment, but made a more brilliant and efficient 
lamp. I'his is the . , 


place and is held fast by a pin in a groove. 

Heat, light, anfl power are the three things 
which electric companies sell to the jiublic. 
Power, in this case, refers to mechanical 
force. It means that anyone who wishes to 
turn machinery, lift and lower elevators, or 
drive subway 


nit*rogen-f illed 
lamp, now so com- 
monly used when 
very bright lights 
are desired. 

Electric lamps 
differ in 'many 
ways. Although 
the filament is al- 
most always made 
of tungsten, we 
occasionally find a 
lamp which still 
uses the Edison, 
carbon filament. 
Some lamps oj)- 
era1'‘*" ! .»\v pres- 
sure and some on 
high. The j^res- 
^u^es range all the 
way from a i volt 
lamp to 2 20 volts, 
'fhe intensity of 
illumination may 
alsi) vary. In the 
h o m e we use 



trains and trolley 
cars, may draw 
upon the How of 
electrons for any 
of these purpo.ses. 
The device em- 
ployed is the elec- 
tric motor. 

How is such a 
motor constructed 
and how does it 
act? In the first 
place, a motor is 
built exactly like a 
dynamo, about 
which we have al- 
ready learned. It 
consists of a sta- 
tionary field coil, 
a movable arma- 
ture, brushes, and 
commutator. In 
fact, a motor may 
be used as a dyna- 
mo and a dynamo 
as a motor. Turn 


lamps that con- The diagram above will give you a glimpse inside your flashlight, the armature SO as 

Usually two dry cells provide the electrical energy. Since each to generate a How 
sumc CIC( iricai tn furnishes electrical pressure of i volts and th. cells are . u 

ergy at the rate of connected in series, the total pressure is 3 volts. The button at 01 current, *uiu it 
fr.im wofic in VoinX A slides up and down. In the picture at the left the light >1 d vnamo. 

irom 10 wans 10 is because the contact is not made. At the right, the but- , 1,. 

60 W'alls. Adver- ton has been pushed to the “on” position and it makes contact MipplV ll wim 
. . . at point B. With the circuit completed, the electrons can flow riirrent so that it 

tising signs often filament in the lamp, and the filament then grows hot i 

use 7 C-W’^itt lami)S enough to glow. The reflector and the lens help to concentrate will turn, and it IS 

anti ^projection “** “ electric motor. 


lanterns employ lamps whose rate of energy 
consumption ranges from 100 to t,ooo watts. 
Lamps may also differ in shape and in color. 
I'he glass of the globe may be frosted, clear, 
or colored. The lamp sockets, loo, are varied. 
The “minature” socket is used for llash- 
lights, the ^^slandard” socket for the home, 
and the ^'nioguf’ size is used in certain kinds 
of projection lanterns. The automobile uses 
a still different socket. Here the socket 
is a smooth brass collar wdiich slips into 


To make the simplest kind of electric 
motor, one may balance a magnetic compass 
needle on a ])i\ ot and bring the north end of 
a bar magnet near the north end of the com- 
pass needle. 1'hc latter is repelled and moves 
away. As the south end moves into the 
place formerly occupied by the north end, 
twist the bar magnet around so that its 
south cml is now near the needle’s south end. 
Again there is repulsion and the compass 
neetlle keej^s on rotating. Continue the 
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procedure, always presenting north to north 
and south to south. The compass needle 
spins like a motor. 

The action of a motor resembles that of 
the two magnets described above. The 
field coil and the armature interact in such 
a way that opposite poles are always near 
each other. The continued rej)iilsion causes 
rotation. The commutator and the brushes, 
by always carrying the current to the. arma- 
ture coils when they are in certain positions, 
bring north ends and south ends constantly 
together. Thus continuous rotation is as- 
sured. 

The electric motor is an essential to 
modern life. In the home w*c have vacuum 
cleaners, electric fans, washing machines, 
sewing machines, phonographs, electric driers 


and refrigerators, all driven by electric 
motors. In city streets we see striking el(Qc- 
tric signs that perform all sorts of tricks with 
the aid of spinning motors. Escalators and 
hoists, derricks and cranes, printing presses 
and linotypes, grindstones and polishers, 
lathes and drills, pumps and presses- all 
depend upon the electric motor for their 
power. And when we want to move about 
from place to place, the motor again serves 
our needs. Xo automobile can start with- 
out it; skyscrapers depend upon it for lifting 
and lowering their elevators; and trolleys 
and subways use electric motors in transfjort- 
ing their millions of passengers. Plven rail- 
roads arc slowly but surely discarding the 
steam locomotive in favor of the power which 
two interacting electromagnets can supply. 
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Reading Unit 
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WHAT IS AN “ELEMENT”? 

Note: For basic information For statistical and current facts, 

not found on this pa^c, consult consult the Richards Year Book 
the general Index, Vol. 75. Index, 

Interesting Facts Explained 

‘Democritus’ theory of matter, i- i- 535“36 

532 Compounds, i -536 

What is an element? 1-534 Rare metals, i 53^-37 

How many elements are there? The mo.st common elements, i- 

I 535 537 

What things are not elements? The commone.st gas, i-537'3S 

Things to Think About 
How was air shown to be a mix- lisht bills? 

ture of different substances? Of what use is nitrogen? 

H<iw does chemistry save us mil- What is the difference between an 
lions of dollars on our electric element and a compound? 

Picture Hunt 

Describe the laboratory of an al- matter? i S34 

chemist, i- 532 How is nitrogen put into the soil? 

What are the different forms of 1-537 

Related ]\laterial 

How are dyes made? 9 -304-7 283 

How are chemicals obtained from How is copper obtained from its 
salt water? i 557 ore? 9 410 

How is water broken up into its How are cheinical fertilizers ii.sed 
elements? i 364 to help farmers? 9-^53 

iiow is iron taken from its ore? How' does chemistry help in 

g 400 photography? 10 450-51 

How has radium helped man? i- What are the elements? i -5^1 

Practical A pplications 

How^ has steel been improved by How are light yet strong machine 
chemists? 1-536 parts made to-day? i 53 ^ 

E eis u re~ti me A cti td ti es 

PROJECT NO. t: Make some some soil by ploughing under 

gas from cf>al, i -534. some clover or peas which you 

PROJECT i<0.' 2 : fertilize have gnnvn in it, 1 537 - 3 -'^- 

Summary Statement 

An element is a substance simpler substances by chemica! 

which cannot be broken up into means. 
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I'hutu liy ChemiBtry Magazine 

This relief shows Art and Knowledge. In the dis- sphinx, is probing the mysteries of the unknown under 
tance is the Temple of Learning, against the founda- the guidance of Science, the tall figure in the center, 
tions of which the sea of Ignorance dashes vainly. who has just removed the blindfold from his eyes. 
Mankmda represented by an old man seated upon a Art is writing down the new revelations. 

WHAT IS an “ELEMENT”? 

This Will Tell Yoti about the Buildinfi Bricks That Go to 
Make Up Everything Our Physical Universe Contains 


I ' ' ^ AVE you ever slopjied u> think what 
11— 1 1 things arc really made of? -If you 
L-J have, arc you still rather nustified? 
Can \'ou say why a tree looks so dilTerent 
from a stone? Is the material that goes into 
them very different, or is it j)ossil)ly the 
same material shaped in dilferejit ways? 

Xow' we are going to try to answer those 
questions, but no very simple answer to 
them can be given. It has taken us many 
centuries to find out the answers we now 
know. And the answers to such questions 
make up the science of chemistry. 

Let us ask a few more of these questions. 
You have a number of friends, and you know' 
each one by a separate name — the names 
bring to your mind different apjiearances 
perhaps. John may have red hair and blue 
eyes, Mary blonde hair and blue eyes, and 
Tom dark hair. Or you may picture them 
by “temperament. ” John has a fiery tcmjH*r, 


but is ver\ friendly; Mary is very quiet, but 
docs not make friends easily. S>t do you 
believe that your friends are unlike because 
they are all made of different things? Is it 
not nion* likeh that the\' are made of the 
same things, Init are fashioned in different 
wa\s? You would ])()ssil)ly say that Hill is 
jolly because he is fat— or fat because he is 
jolly- meaning that Jiill is jolly just because 
there is more of him, not that he is made of 
different material! 

That may all be very well for jieoplc, you 
will .say, but when w’e turn to non-living, or 
“inorganic” (fn'or-gan'lk), things the case 
is different. Some stones are i)lainly made 
of sand grains stuck together; others have 
no grains visible. If we put a very biting 
liquid known as acid on a sandstone nothing 
hapjiens, but if we j)ut it on a fine-grained 
rock known as limestone or marble, we can 
.see and hear a bubbling and fi/zing where 
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Lhc acid touches the rock. The two stones 
rnjust be made of different things, because 
/'the size would have nothing to do with the 
fact that the acid “attacks” the stone in 
one case and not in the other. And you do 
not really think that mud and steel arc the 
same things, do you? Do you believe that 
a lot of mud, or any nuid made into some 
special shape, would 
be the same as steel? 

Or that you can turn 
steel into mud by 
grinding it up or do- 
ing anythmg else to 
it? No, almost all of 
us think that many 
things have different 
kinds of particles 
and that one kind of 
particle, when j)res- 
ent in large numbers, 
gives us w'hat we 
know' as steel, an- 
oth'Tgi . ns mar])le, 
and another the salt 
we eat in our food. 

We shall have to see 
if we cannot limit the 
number of different 
kinds of material, 
howTver; if the num- 
ber is without limit it 
must have very seri- 
ous consequences for 
man. 

For what man is 
trying to do is to sim- 
plify all the things in nature, and to classify 
them; that is, to ])ut all the things of one kind 
together so that he may more easily hold 
them in his mind. Sui)pose that each indi- 
vidual thing in the universe were to be “a law 
unto itself,” and like no other thing in the 
universe. Then there would be no use in our 
studying the inorganic w'orld, for each time 
we touched or saw some object it w«'uld be 
strange and new. And we could never hope 
to learn all objects in the unixerse, hw their 
number is far loo great. I’lver sinc(* man 
began to reason about the world, he has 
been searching for some way to group things 
together — some way to find a true relation- 


ship between all the objects in nature. HiS 
ideas of these things have changed greatly 
since he began to think about them. 

Some of the early thinkers did actually 
believe that no two things in the universe 
w'ere related. They taught that nothing 
could be learned from studying the things 
around us, and that man should cease to 
worry about them, 
and should, instead, 
improve his minrl by 
thinking about him- 
self. A more general 
belief, but leading to 
the same end, was one 
w'hich held that all 
things will remain 
just the same, no 
matter how' finely 
you divide them. A 
piece of iron cut into 
smaller and smaller 
pieces will still be 
iron, and look like 
iron. A })iece of wood 
will be no different 
from w'ood even 
though it be divided 
forever and ever. 
Under such a theory 
it was felt to be use- 
less to study things, 
because we should 
never find anything 
new”, W'e could see the 
real nature of a thing 
right on the surface. 

Still am)ther theory held swax' for many 
centuries. It was that all matter is made 
from four “elements”-^ lire, earth, air, and 
water. If two stones differed it was because 
one contained more earth than the other, or 
did not contain so much w'atcr. The fire in 
a thing was thought to be dry and warm, the 
earth iir\' .ind cold, air warm and moist, and 
the w'ater moist and cold. It was possible 
to judge the contents of a thing by touching 
it, since its “dryness” or “moistness” or 
“colilness” could be found out in that way. 
.\ hiirning stick gave evidence that it con- 
tained all four elements: fire w’as showm by 
the leaping dames; water could be seen in 



The Greek philosophers were perhaps the greatest 
thinkers the world has ever known. They gave reason 
the highest place among the endowments of man. In 
their theories about the way in which the universe 
obeyed unchanging laws, they souj/ht to prove these 
laws by sheer reason, rather than by scientific experi- 
ment. To-day scientists prefer that physical laws 
should be drawn from observed experiments. 
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I'liutu lt> Mum'iiiii 


The alchemist’s laboratory was hidden away in some 
gloomy cellar like the one above. Here he carried out 
his strange experiments - mixing and heating various 
substances in the hope of finding a recipe for making 
gold. In the picture above you may see the great 
hearths where he heated his materials. Strewn about 


are vessels for heating, mixing, and distilling. The 
absence of light made the place look very mysterious 
indeed. A collection of stuffed animals and herbs that 
were supposed to work magic must have added more 
mystery. No wonder simple people thought that the 
alchemists must be in league with the devil 1 


the drops appearing at the end of the stick; 
air appeared as the warm and moist steam; 
and the ashes left after burning resc*mble 
earth. Some men even went so far as to 
try to change one materia] into another by 
driving off the water or air they thought to 
be in it — because on their theory such a 
change w’ould be quite possible. Such at- 
tempts always hailed, and set the ^ffour- 
element” theory, or parts of it, lasted until 
just a few centuries ago. 

The Theory of Democritus 

Meanwhile another theory had risen, 
flourished for a while, and then had Ijecn 
almost forgotten for hundrefls (jf )Tars. 
Democritus (de-m5k'rl'tfis), one of the 
Greek philosoj)hers, was tlie man who first 
gave it to the world. Tie believed that if 
anything could be divided again and again, 
down to particles that barely could be seen, 
and then in imagination divided many more 
times, one would finally reach very small 
particles which could not be divided any 


further. DemcKritiis called these imaginary 
particles “atoms’’ fat'uni) — the name mean- 
ing “that which cannot be cut.” He thought 
of thc.«'' atoms as lillle balls made of a very 
hard material. Kvcr\ thing in the universe 
was understood to be composed of atoms. 
Hut then Drinocrilus had to explain how^ 
there were so many different things in the 
world if his atom^ were all alike. Tie and 
his followers probably thought they gave a 
very good explanation. To-day we might 
find their tales confusing and meaningless. 
Hut even though the “atomists” did not do 
very well in making the world of their time 
any clearer to their fellow men, they did 
bring a new thought into the study of the 
universe — a thought which time has proved 
to be much closer to the truth than any of 
the other theories of that day. 

The Kinds of Atoms in Nature 

For the modern chemist is himself an 
“atomist,” though he does not believe 
exactly what Democritus and his school 
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Faraday is best known for the fundamental work he 
did in the field of electricity. But he started out as a 
chemist’s assistant - in fact his first job was to wash 
glassware in a chemist’s laboratory. Later he studied 
the chemistry of batteries, and this led him to the 


study of electricity. Both sciences were still in their 
infancy in those days. As you can see from his 
laboratory, above, Faraday had practically none of 
the complicated apparatus you would expect to find 
in the laboratory of a modem scientist. 


held to be true. Onl}’ during the JasL hun- 
dred years have we been able to go beyond 
the Greek philo.sophcrs and to say that we 
really know something about these very 
small particles which make up everything. 
We are no longer guessing when we sa} that 
in>lead of one kind of atom there are nincly- 
si.x in all nature, and that, strangely enough, 
four of thetn have been made by man him- 
self. W’e know, also, that what we call 
atoms are not hard, little balls, but are 
almost little universes, with tiny parts that 
arc like stars, ])lanets, and even comets. 

The Greek Idea of an Element 

Many of the (Greeks mud Romans believed 
that all things were made from the four 
“elements” - lire, earth, air, and water. The 
word “element” meant to them that there 
was nothing more simple tliaii these four 
elements. No one thought that air or water 
might itself be made up of still more simple 
things, and certainly no one sought to find 
out by actual trying or testing. Indeed, it 


was not until about the time of the American 
Revolution that air was found to be made of 
more than one thing. This is how it was 
done; 

How to Break Up Air 

A bit of tin was j)ut into a tightly closed 
vessel filled with air, and all was heated over 
a hot lire Part of the air combined with the 
tin. I'his could be told from the change in 
the appearance of the tin and from the fact 
that when the vessel was ojiened after heat- 
ing, air rushed in violently. Put no matter 
how much tin was used, not all the air in the 
flask could be made to combine with it. So 
it was correctly guessed that the air had at 
least two things in it, one of which would 
join with the tin and one of which would 
not. This discovery marked the beginning 
of the end for the old “four-element” theory, 
because it showed that air itself was made of 
other things. Later it was found that In 
passing an electric current through water, 
two gases, like air, could be obtained at the 
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same time that water was destroyed. In 
this w\ay water was shown to be made of 
two gases, and not to be a simple thing 
which, wdth fire, eartli, and air, helped to 
form all the objects in nature. 'Fo-day the 
chemist knows that all these four things are 
made of other things, and he would not be 
content to call 

them elements. . , 

He has a spe- 
cial meaning 
for that W’ord, ' 

and a very dif- ■ 

ferent one from 
that given to it 
by the Greeks 
and Romans. 

An element to the chemist 
to-day means a substance 
which contains but one kind 
of matter. We can do a large 
number of things to a sul)- 
stance to find out what it is 
made of. Two of lliese 
things we have just been 
mentioning, when we spoke 
of using heated tin to sejm- 
rate off one part <»t the air, m .zioi. \ .nond 

and of passing an i-k-ctric “■'i''" 

current through water to 

break it up into two gases, that rock is a 
Ha 1 i solid and that 

A great man} substiinces ^gterisaliquid. 


together. Now are all things like that? 
Arc all the substances in the world built of 
still other things? The chemist answers 
that there are certain simple substances 
which contain only one kind of matter. 
These substances are liis “elements,^' and 
a number of them are familiar to us all. 

You arc familiar with a good many metals. 
You have seen copper in wires and pennies, 
iron in any number of things besiclcs your 
])enknifc, lead in bullets and W'eights for 
fishing lines, aluminum in pots 

and pans, and mercury every 

time you have -looked to 
sec how cold the weather 
was. Gold, silver, and 
platinum are known Ic) 
everyone, and the de- 
light of owning silver 
m a y b e e n - 
joyed by any- 
o n e w' i t h a 
d i m e . T i n , 
zinc, nickel, 
and chromium 
(kro'mi-um) 
are not i-o crim- 
nion in familiar 
objecls, but if 
you have read 
our stories 
about the vari- 




will give up two or more Liquids and solids are everyday things to us; but with ous metals vou 
f gases it is another story, for there are so many that we i .n , T 4. 

kinds of matter when they cannot see. In the picture in the center, for example, a know all about 

arc heated. One of these is p»p« coal one of the soUds t he uses of 

, - , we are all so familiar with. As the pipe is heated over ^ . , 

a red, heavy powder. Vv hen a flame, the coal gives off a gas that is quite invisible, t h e s a ll d 

heated, it gives off oxygen, 

the cas in the air which sup- metals. 


iicaicu, it giM.^ uu .1, 

the gas in the air which sup- 
ports life; while the jiart left over is the Even if you liavt 
ordinary (luicksilver, t;r mercury, sucli as times \ou may not 
wc u.se in thermometers. Or wc can treat ;dl elements, (iold 
things with acids which destroy many kinds made to give us any 
of metals, stones, and living animals and what wo do with it 
plants. In the process of destruction we into acids, freeze it 
may find that the metal or stone liad a great we can .see ihroug] 
many different materials making it up. The nothing but gold, 
blade of your penknife is almost ijure iron, from it, and what< 
l)ut a little bit of certain other substances always bring it lir 
has been added to make it harder. 7'he 'Fhis <Ioes not meai 
white stone which forms y’our front steps or bine wdth other el 
decorates y^our home is marble, and it is that case it may" loj 
made of three kinds of things clo.scly joined ance of gold alto^ 


Even if you liave seen these metals many 
times you may not yet know that they are 
;dl elements. Gold, for examjde, cannot be 
made to give us anything but gold, no matter 
what W'o do with it. We can heat it, ])Ut it 
into acids, freeze it, or hammer it out until 
we can .see through it, and still it is goltl, 
nothing but gold. We cannot get any' ga.ses 
from it, and whatever wc do to it wc can 
always bring it liack to the original gold. 
'Fhis floes not mean that gold will not com- 
bine with other elements, for it wall. Jn 
that case it may lose its character or appear- 
ance of gold altogether. Tn fact it is no 
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longer gold, hul is now helping to make up 
same substance which is not an clement ; but 
if we know how, we can get back from this 
substance our gold and any other element or 
elements which have been combined with 
it. No matter what is done to the gold it- 
self, no one has ever obtained anything but 
gold from it. The same thing is 
true of our other metals, for 
they are “elements,” and 
any element contains but 
one kind of matter. 

We have now named 
twx*lve elements, all of 
them metals. C'hemists 
know that there are I 
ninety-two elements oc- 
curring nalurally in tlie 
uni\erse and making up 
all the things in it. So we 
have eighty more to learn 
about, 'rhe thing is not so 
simple as it used to be for the 
anc‘i,r.L., »vho had only four ele- 


r 


'I’he chemist would first class all things as 
elements or not-elcments, and the not-ele- 
ments would have to be substances made 
up of two or more elements combined. After 
that he w'ould probably want to know' 
whether a thing is a solid, a liquid, or a gas. 
In one of our stories about j)hysics we have 
said that a solirl is a firm substance 
' which df)es not change its 

;hape readily, w’hile a 
liquid, such as W'atel*, takes 
the shape of the con- 
tainer which holds it, 
and a gas may swxdl and 
sw'ell in size until it fills 
any container, no mat- 
ter how' large. Although 
this division into three 
classes is not very im- 
portant- -since many 
solids can be changed to 
liquitls or gases by heating, 
and liquids or gases to solids 
by freezing — it helj)s our mem- 


ments to remember, but few Here is Thomas A. Edison visit- orv ill Studying the elements, 
wiilcnowtry «) romcmlK-r the com' Ani!* Dr! ninely-two 

names of all the elements. Some Langmuir, one of the Nobel kinds of matter are almost three- 
tif Ihcm are so rare, indeed, that fourths solids, such as the metals 

onlv one or two chemists have filament lamp that he has made we have described. About one 
• i .1 ,1 for experimental purposes. r .1 1 i * 

ever .seen them. Above all, fourth are gases, and only two 

w'c now' have certain ways tif grou])ing the are liciiiids at the ordinary temperature of a 


elements in order to make them easier to 
study and remember. In this story we shall 
not have to w'orry about more than a dozen 
or so additional elements, and then we shall 
.see how the chemists group the others with 
these w'ell-known ones in order to deal with 
all of them more easily. 

How the Chemist Classes Things 

How would yi>u start to group all thethings 
in the wairld if \«,)u were asked tt) <lo so.'" 
I’crhaps you would sa_\ that the two most 
important grou])s are the living and the 
non-living, and many ]>eople would agree 
with you in tliat. 'L'hen you niigh‘ try to 
divide the living things into animals and 
plants, and the non-living ones into stones, 
metals, and other clas.ses. lUit if you were 
to ask a chemist to divide things up for you, 
he would probably say that it makes no 
difference whether it be living or non-living. 


Let us now look at a few’ more of the 
elements among the solids. 

H r. c you ever been dazzled by some of 
the lirevNorks winch you lighted at night? 
The brilliant light given out by many of the 
“candles” and “lorthes” blinds you for a 
moment to the other things about you. Or 
have you luni in a room where a tlashlighl 
j)icture was being taken? Did you blink in 
the |)ieture, from the blinding Hash? 

You know that many kinds of fireworks 
have jH)wder in them, but the powder is 
used tmh to start them, and the brilliant 
light does not c»ime irom the burning gun- 
jwnvder. It comes foMii a finely ground 
metal named magnesium (niag-ne'shl-iim). 
'This magnesium jiowder also furnishes many 
photographers with light for taking indoor 
or night lectures. The metal, when pure, is 
a .silver}’ gray, and it is much lighter in 



Plioto by Intvriiutiunal Nrwa I'butua 

We have come a long way from the thinking but un* where you may see the complicated apparatus which 
experimental Greeks and from the alchemists and scientists use to liquefy some of the rare gases of 
their ^*witchcraft.” Above is a modern laboratory the air. They are busy liquefying helium. 

weight than are the precious metals. It is hard by adding al^out one-sixth of tung- 
not found pure in nature because it com- sten. You can jirobably remember some 
bines very easily with other elements to of the old ^‘carbon” light bulbs, which gave 
form many ‘‘comj)ounds/’ of which Epsom a rather sickly, yellowish’ light. They were 
salt is perhaps the most common. Even used before our modern bulbs, with tungsten 
little chips or ribbons of magnesium will filaments, were invented. These newer 
burn rapidly if ignited with a match, but if bulbs give us a much stronger light, and at 
the metal is melted and fused into an alloy a smaller cost; it is said that in the United 
with certain metals, especially aluminum, Slates we save $2,000,000,000 a year by the 
a lasting product of great strength and light- use of tungsten in electric bulbs, 
ness will result. These features give such 

an alloy wide use in the manufacture of air- Value of Tungsten Steel 

{)Ianes, artificial limbs, moving-picture ma- The use of tungsten in steel is almost as 
chines, and in many other things where light important. Tungsten steel has the great 
weight is required. Our magne.sium comes advantage of not losing its “temper”; that 
from the United States, largely as a “by- is, it can get extremely hot without having 
product” in obtaining salt. the cutting edge or point dull quickly. 

. , ^ Therefore the machinist does not have to 

An Important Use of Tungsten 

Tungsten is the other metal, a very heavy mobile maker says that this one fact saves 
one, which helps to make the world a brighter fifty dollars in the building of a single car. 
place. It has two very important uses: one The greater part of our tungsten now 
for the fine wires or “filaments” in elec- comes from our own country, though be- 
tric light bulbs, and the other for making fore the World War all of it was imported 
tungsten steel — a steel made extremely from China, the country which has the 
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1‘1'iiiit h\ Intcriiiiliiiiul llurwiitei ('o. 


This tractor ip pulling a fluid manure spreader which and is replacing the nitrogen that crops which grew 
is putting nitrogen back into the soil, so that rich crops there before took away from the soil. Nitrogen may 
will grow. The manure is made from animal remains also be added in the form of chemicals called nitrates. 


largest supplies of the metal. Only about 
one hundred tons a year are needed for all 
the electric bulbs made in the United States, 
so line Ls the wire used in their manufacture. 

One of the World’s Most Common Elements 

'I'hcre is a very good chance that you 
canno*^ nrive the name of the most common 
element to be seen on the surface of the 
earth. The clement is silicon (sTl'I-kon); 
and if the name is not familiar it may be 
because the element is never found in the 
pure state, but is always joined or combined 
with other elements — usually with oxygen 
from the air. This compound of silicon and 
oxygen is called “silica” (siri-k«a), and you 
know it very well. Another name for it is 
•‘quartz,” and still another is “rock crystal”; 
bul the comnionesi form is just “sand.” 
Our sand beaches arc storehouses of silicon, 
though it is always combined with the 
element oxygen. We do not have to worry 
about separating it, however, for we use the 
sand as it is for a great many things. You 
have seen sand and pebbles — and the greater 
part of the pebbles is silica, too — used in 
making concrete and mortar, and in the 
linished concrete you can sec or feel the 
sand grains. In glass, made from the same 
material, the sand is melted and then al- 
lowed to become solid again, and in this 
process all traces of the grains are lost. 
Quartz is also made into tine glass. It is 
possibly because silica is so common and so 
plentiful that we talk so little about it. If 
it were scarce, our glass would be very 


costly; and then we should surely be asking 
about the stuff from which it was made! 

Physicists (ffz'l-slst) tell us that gases are 
much like liquids, exccjit that the particles 
of a gas arc free to move about without 
hindrance from their neighbors. We may 
compare the particles of a liquid to a crowd 
of people jammed so tightly into a street 
car that they hold each other in position, so 
that no one of them can move unless the 
whole crowd does so. They do, however, 
fjt themselves into every corner and space 
of the car, just as a liquid docs in its con- 
taining vessel. If w^e heat a liquid until it 
turns into a gas, the particles become much 
more free than they were before, and they 
can fly off to any distance, and need never 
return. They are like the people who leave 
the crowded street car; they arc now at 
liberty to move in any direction they wish, 
and their neighbors no longer hinder them. 

The Commonest of the Gases 

Some of our elements, unlike gold and 
silver and copj)cr, arc everywhere on the 
surface of the earth. They are the gases of 
the air. Our stories about physics will tell, 
you all about the air and its character- how^' 
it is made up of a mixture of a number of 
gases, how sound is carried through it, and 
how it keeps us from losing all the heat of 
the earth and freezing to death. But the 
chemist is interested above all in what the 
particles of gases in llie air do, what they 
combine with, and how* w'e may use them. 

Oxygen is one of the gases we know best. 
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Many times we have been told to go out into 
the fresh air and “get some oxygen in our 
lungs,” for it is the gas which supports life. 
You all know how it is taken into the lungs, 
passes into the blood, and then is carried to 
all parts of the body. It is necessary to the 
body in order that there may be enough 
actual burning there to provide us with the 
heat we need. 

How We Take in Nitrogen 

Nitrogen (nl'tro-jSn) is another gas in the 
air. It is present in much greater amounts 
than is oxygen, though we do not hear of 
it so often. It is just as important for us as 
is oxygen, but wc do not ti.ke it in <lir(x*tly 
from the air. We get nitrogen from the 
meats or vegetables w’e eat, and they in 
turn get it in a very odd sort of w^ay. All 
animals get it from plants, or from other 
animals which have taken it from plants; 
while the plants, which need it to live, get 
it generally from the soil, where there are 
compounds containing nitrogen. 

Aher several crops of plants have grown 
in one place, then, you might expect that 
they would have taken about all of these 
nitrogen compounds out of the soil. And 
for many years, indeed, farmers have known 
that their soils would grow j)oor — that is, 
would lose their nitrogen - unless fertilizer 
were spread on the ground, or unless a crop 
of clover, peas, or beans were grown' on it. 
The farmers wondered what it w^as that the 
clover put back into the soil. Almost a 
century ago it w^as fouml that in the rootlets 
of these few plants there lived a host of 
bacteria (bak-le'rl-a), or microscopic plants, 
and that these bacteria were of a special 
kind that could take nitrogen from the air 
and make from it compounds that the plants 
could use. So that is how the nitrogen gets 
into the soil and is taken up by jdants. 
Then an animal eats the plants, and the ni- 
trogen is used to build up the fle‘ h and bone 
of the animal. At the death (d' the animal, 
its remains usually go back into the ground, 
and the nitrogen passes once more into the 
soil, there to nourish plants again. The 
“cycle of nitrogen” is a name often given to 
this traveling and returning to the same 


place; now an atom of nitrogen may be in a 
plant, next in an animal, next in the soil, 
and then back in a plant again, completing' 
the “cycle.” Some little bit of the gas is 
lost at each change, so that we still have to 
use fertilizers, which contain nitrogen, in 
many parts of the world. 

We have mentioned a gas that we breathe 
and another that vrv eat. Now for two gases 
that we drink! For every day every one of 
us drinks some of a certain liquid that is 
made up of two gases. That liquid is plain 
water, and all water is made out of the two 
elements of oxygen and hydrogen (hiVlro- 
j^n). 

Oxygen we have already met. H3'drogen is 
the lightest thing in the universe- so light 
that it was usecl for man}' years in fdling 
balloons. So far as W'C can tell by our senses, 
it is otherwise quite similar to oxygen, in 
that it has no smell or taste, and is invisible. 
\'et these two gases combine to form one of 
the most common and necessary things on 
earth! 

Our two liquid elements are by no mearis 
so important for us as water. One of them 
is mercury, or ordinary quicksilver. It finds 
use in thermometers and barometers for 
measuring the temperature and pressure of 
the air, for making mirrors, and in several 
types of electrical machines. Some of the 
com])ounds of this li(juifl find important 
uses in medicine. Almost all of the world's 
sup})ly of this element comes from Spain and 
J tal}'. 

A Poisonous Liquid Element 

Bromine (brd'rnln; is the other liquid ele- 
ment. It is a foul-smelling, reddish liquid 
w'hich is i)oisonous if it is brc'athed into the 
lungs or if it comes in contact with the skin. 
It also attacks the eyes of tliosc exposed to 
it. Little wonder, then, that you arc not 
familiar with this liquid! 

We have now' found <yut a good deal alwmt 
the elements, but we still have many ques- 
tions left to ask. For the answer to these 
questions we must go on to the next story 
about chemistry; and there we shall find 
that these questions will bring uj) several 
others. 
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The word **atom” means ‘^something that cannot he 
divided,” for the Greeks, who first bought of atoms 
and named them, believed that these tiny particles 
could never be torn apart But eiperimenters in the 
Cavendish Laboratory in Cambridge, England, suc- 
ceeded some time ago in breaking the atom into tiny 


parts. Dr. Cockroft, who is performing a similar ex- 
periment in the picture above, cannot see the atom, 
of course, but he can hear its disintegration. That is 
to say, when the atom is broken apart, it sets up a 
tiny current which, when greatly magnified, can be 
heard through the ear phones he is wearing. 


WHAT IS an ATOM, and a MOLECULE? 

How the Tiniest Parts of an Element Join in Bunches 
Clinging Firmly Together 


0 ERTAIN of the Greeks believed that 
all things were made of very tiny 
hard balls which they called .“atoms.” 
They really had no great reason for this 
belief, but in those times men often did not 
seek for what we should call proof in these 
matters. The Greeks hardly tried to find 
out by testing or experiment w^hether their 
ideas about the atoms were true or false. 
We need not blame them for this failure, for 
even to-day we are only too likely to accept 
many things as being true without any 
experimental reason for believing them. 
Until a few hundred years ago the doctors 
considered it beneath their dignity, and in- 
deed whoDy unnecessary, to study the human 
body. They knew from the guesses of those 


before them what the body must be like, and 
why waste time studying something al- 
ready known? The chemists, during that 
same i>eriod, bent their energies in one 
direction — to change other substances into 
gold— and they had little time for finding 
out whether or not things were made of 
atoms. They wanted gold, not theories! 

So the atom theory of the Greeks and 
Romans w'as forgotten for centuries, and not 
until a large number of facts about things 
had been gathered was it brought forth 
again, polished up, and presented to the 
world with reasons and proofs of such force 
and clearness that it was generally accepted. 
This was somewhat more than a hundred 
years ago. 
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Fr 



No. z in our diagram shows the simplest atom, hydro- 
gen, with but one electron revolving about the nucleus. 
No. 2, the helium atom, has two electrons revolving 
about the nucleus. Its shell is therefore complete, 
for, as have said in this article, there can be no 
more than twu electrons in the first shell. If another 
electron is added, it must start a second shell. No. 3, 
the lithium atom, has three electrons — and so two 
must be in its first shell and the third in an outer 
shell. If we add seven more electrons to this outer 
shell we shall have the neon atom at No. 4. No more 

Even about the beginning of oui own 
('iMilury, an atom was still regarded as an 
indivisible little particle. It was the small- 
est unit of matter, and nothing smaller was 
thought possible. "J'hcn radium was found, 
and the startling fact was discovered tliat 
this element was always e.\i)loding and 
forming several other well-known elements 
in tlic process. 'I'lie meaning of this “dis- 
integration” (dls-In'tr*-gra'shun) of radium 
can be learned from our article on that sub- 
stance. Here wc are interested especially 
in this fact: that in the disintegration of 
radium there are shot out from the atom a 
number of particles of at least two difTcrent 
kinds — which is to say that the atom of 
radium is itself composed of still smaller 
things! For that reason we have departed 
from the Greek idea of atoms as hard, indi- 
visible little balls, and have come gradu- 
ally to think of them as things more com- 
plicated than the solar system — for we know 
now that atoms of various kinds are made 
of from two to as many as several hundred 


than eight electrons can go into the second shell, as 
we have said; so when we come to the sodium atom 
at No. 5, which has eleven electrons, we find— what? 
It is very simple to figure out: there are two electrons 
in the first shell, as in the helium atom; eight in the 
second shell, as in the neon atom; and the last elec- 
tron starts a third shell still farther from the nucleus. 
Atoms do not look like this, of course. Our diagram 
is only to help us understand what the scientist works 
out by mathematics. On another page you will find 
a set of atoms that look quite different 

‘‘parts.” What these “parts” are we shall 
now discuss. 

We are told that the atom — any alom-~ 
contain.s a central part called the “nucleus” 
(nfi'kle-us). Now you must not imagine 
that even the nucleus is like a little ball, or 
like our sun in the center of the solar system. 
The nucleus is not nearly .so delinite and 
sharjdy outlined, bccau.se it is made of — 
what do you think? — electric charges! “But 
you say, “I cannot imagine what electric 
charges look like. I can remember a little 
about positive and negative charges, and I 
know they can be made by rubbing things 
like silk and hard rubber tc^gether. But I’m 
sure 1 never saw an electric charge in my 
life.” Quite so, and neither has anybody 
else ever been able to .see these charges, even 
in his imagination. In our diagrams, the 
best wc can do is to show the nucleus as 
a sort of ball in the center of the atom. But 
w'e must remember, when wc look at such 
pictures, that this center, or nucleus, is made 
up of electric charges alone. 
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Outside the nucleus are a number of nega- 
tive charges called “electrons” (e-li^k'tr6n). 
We can think of these as revolving around 
the nucleus, more or less as the planets re- 
volve around the sun, though that may be 
only a convenient way of picturing them. 
Some of our diagrams will show the electrons 
as tiny points whirling around the nucleus 
in the center. Other diagrams will show' the 
electrons as though they were at rest instead 
of moving; and some of them are show'n as 
placed at the corners of a cube. We do not 
know which picture is correct. Indeed, we 
are not quite sure that any of them is right. 

The “Shells” in an Atom 

You will see, in our first kind of diagram, 
that no tw^o electrons follow' exactly the same 
path. If you look closely you w'ill see that 
two of the electrons have paths very cUcse 
to the nucleus, in comparison w'ith those be- 
yond. No more electrons can be crow'ded 
so close to the nucleus. 7 'hen, farther out, 
any number of electrons up to eight may 
form another “shell” -similar to an onion 
skin — around the nucleus, and no more than 
these eight can be squeezed into this shell. 
The lithium (llth'l-(im) atom .show's only 
one electron in this second shell, the neon 
(ne'ftn) atom show's the full number-- eight. 
When more electrons are added they lie in a 
shell much farther out, as is showm for the 
eleventh electron of sodium (.sd'dl-um) — the 
one making the big path in our diagram. 
No more than eighteen can occupy this shell, 
in which w'e show' only one electron. Ad- 
ditional shells may be present until the num- 
ber of electrons w'hirling around the nucleus 
may be as many as ninety-six. Imagine, if 
you can, w’hat a i)icture showing the paths 
of ninety-six swirling electrons w'ould look 
like; our diagram shows eleven only! 

What is happening to the nucleus all this 
time? Does it remain the same while all 
these electrons arc being added, shell by 
shell? The answer should be easy for those 
who know a little about po.sitivc and nega- 
tive electric charges. A positive charge 
“neutralizes” a negative one. That is, if 
you take one of each kind and put them to- 
gether, you have no charge at all left. If 
you have a charge on a hard rubber rod, the 


rod W'ill attract little pieces of paper. But 
if there is added an eciual charge of the op- 
posite kind, the rod will no longer cause the 
paper to jumi) tow'ard it. Since wc know 
that the elements do not have a charge — 
gold or mercury or o.xygen will not attract 
little bits of paper we may be sure that 
there are just as many ixi.'^ilive as negative 
charges in them. When w'e talk about an 
increa.se in the number of electrons, then, 
wc must always remember that every time 
an electron is added a positive charge, or 
proton (prr/t dll), must be added also. That 
is, a po.sitive charge must be added in the 
nucleus to balance the negative charge of the 
electron; so that if wc have live elect nms 
outside the nucleus, there must be five j)ro- 
tons in the nucleus. 

The simplest atom of all is the hydrogen 
(hi'drd-jenl atom. It consists of but a 
single proton and an electron. Helium (he'- 
ll-um), the atom that comes next in order 
of coniiilication, has a nucleus containing 
tw'o protons around which tw'o electrons re- 
volve. Lithium has three protons and three 
electrons; beryllium (bd-riri-um), four of 
each; boron (bf/rdn), live; carbon, six; and 
.so on through curium (ku'rf-um), which 
has a nucleus containing ninety-si.\ pro- 
tons around which a cloud of ninety-six 
electrons revolve. 

Numbering the Atoms 

Atoms differ from one another in the num- 
ber of electrons in the outer shells, and there- 
fore they also dilTer in the number of protons 
in the nucleus. Scientists have assigned a 
number to all known atoms. The number 
tells us how' many electrons revolve about 
the nucleus. 'Fhis number is called the 
“atomic (a-tdm'lk) number.” Thus hydro- 
gen is atomic number i; helium, atomic 
number 2; lithium, beryllium, 4; boron, 
5; carbon, 6; and so on. Every known ele- 
ment has its own atomic number. Includ- 
ing some of the recent man-made elements, 
there arc elements with atomic numbers 
as high as qb. 

These are facts which belong largely to 
the science of physics, hir they do not tell 
us what the atoms do, but only how they 
arc made up and what they look like. But 
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In this diagram you see the second sheila of two rather 
simple atoms, fluorine and oxygen. We have left out 
the **in^ide8'* which would be, for each, a nucleus 
with .U baft ‘'f two electrons. At x is the outer shell 
of a fluorine atom. We have pictured it as a cube 
with seven corners occupied by electrons and one that 
is vacant. As you will remember, eight is the com- 
plete number for this shell; so the fluorine atom is 
very eager to find a stray electron to fill its vacant 
comer. Often it has no trouble finding some other 
element which wants to give up, rather than gain, an 
electron. But if it cannot find one, it may combine 


with another atom of its own kind to form the mole- 
cule of fluorine gas shown at 3. Those two atoms of 
fluorine are really just sharing each others electrons. 
This arrangement seems to be quite satisfactory unless 
something better comes along. Then, if given a chance, 
the molecule of fluorine will split and each atom will 
take from some other element an electron which it 
may keep for its own and not have to share. Nos. 4 
and 5 are oxygen atoms. No. 6 shows you how they 
may combine to form an oxygen molecule by sharing 
electrons. Atoms do not really look like this. Oui 
diagram is just a convenient way of picturing them. 


we have ha* to go over these facts because 
from them we can easily picture what 
hap{)ens when atoms combine to form mole- 
cules (mol'e-kul). And this leads to one 
of the most im])ortant facts in chemistry, 
simple though it may .seem: one atom may 
lose one or more electrons. lUit when it has 
lost negative charges, it then has more 
positive than negative ones; and we say that 
the atom has a positive charge. A neighbor- 
ing atom gains or adds to itself tliese lost 
electrons, therein' getting an extra number 
of negative charges; and we .say that this 
atom has a negative charge. Now^ unlike 
charges attract each other, as any electrician 
knows, and the rule holds good in th* atoms 
as elsewhere. And the two atoms, one 
positively and the other negativel\' charged, 
are attracted to each other and join together. 
'Phat is how elements combine, for elements 
arc nothing but large numbers of like atoms 
gathered together. A large number of gold 


atoms make a piece of gold as we know' it. 
When gold combines with some othei ele- 
ment, all the atoms of gold have an electric 
charge which lhe>' received through tlic 
loss or gain of electrons. The atoms of the 
element with which it combines have an 
oppe^site charge, and the two kinds of atoms 
- or the two elements-- are held together by 
this attraction of oj)]M)sile “kinds’’ of elec- 
tricity. 

What a Molecule Is Like 

Have you begun to wonder whether there 
arc two kinds of particles of matter? For 
at one tinte we talk about atoms of an ele- 
ment, and then we talk about molecules, 
j^rhaps of the same element. Or possibly 
you have the idea that a molecule is like a 
small slack or pyramid of cannon balls, each 
ball being an atom. Well, if you imagine 
such a stack of cannon balls heated so hot 
that they have begun to melt and fuse i)arl 






WHAT IS AN ATOM, AND A MOLECULE? * 




Fluorine 

(F) 








(+) 





Sodium Fluoride 
(NaF) 


This diagram shows how atoms of two elements com- 
bine to form a molecule of a compound. If you can 
understand it fully, you have learned most of our story 
of chemistry. No. i is an atom of sodium. In the 
center is the nucleus with eleven ]Msitive charges 
which just balance its eleven negative charges, or 
electrons. We have already seen on another page 
how these electrons are arranged in the shells about 
the nucleus. We know that, because of its eleventh 
electron which is all by itselif in the outermost shell, 
the sodium atom is very eager to lose one electron. 
The fluorine atom, at No. 2, is, on the other hand, 
eager to gain an electron to fill its empty comer. 


although the nine positive charges of its nucleus just 
balance the nine negative charges of its nine electrons. 
So it is very natural that, when we place a sodium 
atom next a fluorine atom, the lonely electron of the 
sodium atom should go over to fill Uie empty corner 
of the fluorine atom. Nos. 3 and 4 look very much 
alike, but they have become ions; that is, their posi- 
tive charges no longer balance heir negative charges 
count them and you will see why - so that one is now 
positive and the other negative. Particles with unlike 
charges will, of course, attract each other, and that 
explains why the two ions of sodium and fluorine are 
now held together, making a molecule of sodium fluoride. 


way into one another, you will have a better 
picture of a molecule; for the atoms of a 
molecule are firmly bound to otic another. 
In the air, for instance, there arc mtdecules 
of oxygen and of nitrogen, and each of these 
molecules contains two atoms. Since it is 
very hard to split these two atoms apart, 
there must be some strong force holding 
them together. 

Why Atoms Have Different Charges 

We have explained before that. the force 
holding atoms together is the attraction be- 
tween opposite charges of electricity. And 
now we have to take back jiart of that state- 
ment, because it would lead us straight into 
trouble. In molecules made of the same 
kind of atoms, when one atom wants to lose 
an electron, all the atoms want to lose an 
electron! And if all the atoms do the same 
thing they will all have cither a positive or 
a negative charge. Then, since “like charges 
rejicl,” these atoms wdll avoid one another, 
instead of combining. So when we talk of 
atoms having different charges and being 
attracted to each other, we mean different 
kinds of atoms, or different elements. 

When wc have atoms of the same kind, or 
the same element, there is neither a loss nor 
a gain, but a sharing of electrons. You can 
imagine that an atom has a “blank*' or hole 


in il.self which it wants filled up. All the 
other atoms of that element have the same 
need, and they hel]) each other by lending an 
electron to till (hat hole. They do not, 
however, let the electron go. It is as if each 
atom said to another, “1 isill lend you one 
or two electrons to till your blank spaces. 
1 cannot let them go altogether; and in re- 
turn you must lend me one or two to till 
my emj)ty spaces. The best way for us to 
helj) each other is to share electrons, so that 
neither one will really have to give any thing 
up. Each of us will gain without losing.” 
Our diagram shows how the elements 
fluorine (tlof)'6r-m) and oxygen form their 
molecules. 

How Atoms Form Molecules 

Bui what, you may ask, makes atoms 
combine in this way to form molecules? 
We have no ojijiosite charges to bring them 
together, so we must look for something 
else. And the answer is one which helps to 
explain a great many things about which 
we still have to talk. It is another of our 
very important chemical theories: 

When an atom has only the two inner- 
most electrons — helium (he'll-iim) is our 
example — it is perfectly content to stay as 
it is. It does not even want to form mole- 
cules with its fellows. In atoms which have 
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more than these two electrons, whenever the 
outermost shell contains eight electrons, the 
atom behaves like helium. It is satisfied 
with its mode of life and refuses to have 
anything to do with other atoms either like 
or unlike itself. You can see how perfectly 
these eight electrons form the comers of a 
cubt, and when all eight are present there 
is no need for any more; nor do any of the 
eight want to lose one of their neighbors, 
but when there arc, let us say, only seven 
present, the structure is not complete. It 
is like a brick house which we have com- 
pleted, roof and all, except for one corner 
that we have left unfinished, part of two 
walls and the roof being missing there. You 
can imagine that such a house would not be 
nearly so strong as a perfect one, and the 
Srime fact seems to be true for the atom. 
When it has only seven electrons, it is very 
anxious to gain an eighth one to finish its 
shell When such an atom is among strangers, 
as we shall see in a moment, it can steal an 
electron some atom which has one or 
two more than its eight, and which wants 
to get rid of tlie extra ones. But among its 
own kind, all the atoms po.ssess only seven 
electrons, and they are all trying to find one 
more. Having no strange atoms to borrow 
from, they must now share what they have 
among themselves — and a very neat job 
they make of it, as our diagrams show, 
rhis is one way of completing an electron 
shell; the atom seems to be .satisfied w’hen 
there arc two electrons in the inner shell and 
eight in the outermost shell. 

The Secret of Compounds 

In talking of molecules of one element 
only, we have practically given away the 
secret of the way in which unlike atoms 
combine to form molecules of “compounds.” 
For molecules of a single element are really 
compounds, though since they are com- 
pounds formed of only one kind of atom, 
the chemist docs not call them by that name. 
What he calls compounds are all formed of 
at least two different kinds of atoms. So 
compounds arc really no mystery to us. 

The secret is, of course, the loss and gain 
of electrons. One kind of atom will lose an 
electron and another kind will gain this lost 


electron. The two kinds, now having op- 
posite electrical charges, will attract one 
another, and wdll combine to form molecules 
of a compound. 

Why Elements Combine 

You wonder how an element will com- 
bine with another when its atoms are al- 
ready in the form of molecules? Well, the 
first element — let us say it is oxygen — is 
willing to share electrons so long as there 
are no electrons which it can have all to 
itself. But if another element comes near 
and offers an oxygen atom two electrons, 
that atom will bid farewell to its “molecule 
mate,” saying, “So long as there was nothing 
better, I was .satisfied to share electrons 
with you. But here is a stranger who is 
offering me two electrons to be all my own. 

I cannot refuse this offer — so good-bye!” 
And the oxygen molecule is split up to allow 
its two atoms to combine with the kind 
stranger. 

When we are talking about large numbers 
of atoms, we may just say that one element 
combines with another to form a compound, 
because the atoms make up the element. 
So when we .say that one element joins with 
another, we always understand that the 
atoms are really the things that do the 
joining. But not all elements join with all 
others. Some arc said to be active, or to 
have “chemical affinity” (ri-fin'i-tl), meaning 
that they will readily enter into combination 
with other elements. Others are said to be 
inactive, to lack chemical afiinity, or to be 
“inert” (In-urt'). That last word is usually 
reserved for those elements which will not 
combine at all— and whose atoms will not 
even form molecules of their own element. 
Sometimes two elements need only be 
brought together to combine. Others have 
to be heated or treated in some other manner 
before they will unite. The reason for the 
different behavior of the elements will be 
clear from a reading of our little chart which 
show’s some of the elements arranged in 
rows and columns, in the order of the num- 
ber of electrons they possess. Above the 
name is given its abbreviation; and below 
are the number of electrons in its first, 
second, third, and part of its fourth shell. 
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Scientists have learned to explode atoms by shoot- electrons off atoms; but now and then one collides 
ing ions or other **particles** into them. They can with the nucleus of an atom. Such a collision is likely 
follow the paths of the ions by a very ingenious device. to burst the nucleus into parts which fly off in dif- 
The ions pass through air which is full of water vapor. ferent directions. At the left, i is the point of col- 

They knock electrons off the atoms they pass through, tision, and 2 and 3 show the paths of parts of the 

converting the atoms into ions. The water vapor con- nucleus knocked out by ^e particle coming from the 
denses on these ions, making little tracks of fog, a bottom of the picture. To the right we see another 

number of which you can see in the pictures above. collision. Notice how abruptly the particle of helium 

Ordinarily the particles just blunder along, knocking is stopped by the nucleus of the boron atom it has hit. 
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The second column ;il the left contains 
three gases found in small quantities in tlie 
air. 'riie a1(?ms of all three have complete 
electron sliells. 'I'he lirst, helium, has only 
two electrons, and lliese two complete the 
first shell. Helium, tlu'n, need neither gain 
nor lo.se electrons. We may .say that it is 
“perfect.” The other two gases, neon and 
argon, have eight electrons in the outer 
.shell, and, of course, comjdeted shells in- 
side that outer one. So these gases, too, 
have no need lor more electrons, nor do they 
liave too many, 'fhese three are therefore 
th«‘ h H “iu)ljle” gases — “nohle” because 
th(‘y are “aloof” and will not combine with 
the other elements. Neon lamps give us 
our only familiar e.\am])le of these gases or 
their u.ses. Helium is extensively used for 
111 ling large balloons aiifl dirigibles because' 
it lifts almost as well as Indrogen and will 
not catch fire 

How Electrons Get Lost 

'The next column shows three elements- 
lithium, soilium, ami i)otassium (pd-tas'i- 
uin) which all have one electron only in 
the outermost shell, the lithium having one 
in the second shell, the sotlium one in the 
third shell, and the i)otassium one in the 
fourth shell. Xow' this one lonely electron, 
away from the rest of them, is ver\ likely to 
be lost. It is not held firmly b\ the rest of 
the atom, as our diagram of sodium shows; 
and whenever a stranger .searching for an 
electron comes near, an atom of this kind is 
most willing to gi\e up its odd electron to 
the stranger. This is triu' for all three of 
these (‘lements. d'ht* three (‘lements are 
therefore alike in this respect. In fact, this 
willingness' 16 lose an eleitrv)n gives them a 
sort of chemical “character.” We never, 
for example, find these elements in the pure 


state, because they lannot remain so in 
nature; they are loo eager to give up an 
electron and so combine with some other 
element. I'hcy are all metals, light in color 
and w'cighl, and so “active” that they will 
almost explode when throwm on water, so 
fast do they combine with it. 

The next column contains throe elements, 
which arc also metals. These are beryl- 
lium, magnesium, and calcium ikal'shum). 
7'hey are fairly active, since they can be 
])ersuaded to give up the two electrons of 
the outermost shell. Magnesium often 
combines to form the familiar Kpsom salt, 
and calcium to form limestone, marble, and 
chalk. Neither of the three is found pure 
in nature. 

Elements That Are Inactive 

1'he three columns coming next may be 
grouped together, not because the elements 
in different groups are closely related, but 
because tlieir outernK).st ek'Ctron shells are 
neither nearly emjity nor nearly full. We 
might say that these elements are somewhat 
inactive because they do not know whether 
to lose an electron or to gain one. ^’ou 
know the element aluminium, more com- 
monly called “aluminum” from the many 
pots and pans made of it .Vpparently the 
aluminum in them does m>t want to jenn 
vvith anything. Carbon \()U know in the 
form of hard coal, in the lead of your j)encil. 
and in the diamond. All of lhe.se arc carbon. 
'I'hcy arc all inactive eiKUjgh. Nitrogen, in 
the air, is i>erha|>s next to the inert or noble 
gases in its inactivity. So we sec that the 
elements with a hall-comi)leted outer shell 
are rather well satisfied to remain as they 
are. 

The next to the last column contains the 
two elements oxygen and sulidiur. 'Fhese 
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two may be called fairly active elements, 
since they are willing but not eager lo com- 
bine with a large number of other elements. 
Indeed, all the oxygen of our air would 
probably disappear into compounds if it 
were not being constantly renewed, largely 
by plants. 

The last column brings us once more to 
the very active elements. You see that the 
two elements in it, fluorine and chlorine 
(klo'rin), have seven electrons in tlie outer- 
most shell. They need only one to lill out 
the desired eight, and they strive mightily 
to obtain this electron. If atoms of other 
elements aj)j)roach these, there will be a 
great tendency for the strange atoms to 
lose electrons, and they will do so, combining 
with one of these two elements unless their 
outer shells are quite firm. So chlorine and 
fluorine are not found as such in nature; they 
are much too active, as the use of chlorine 
in the war not many years ago clearly 
show’ed. This gas rapidly attacks the human 
throat and lungs. 

The Importance of the Outer Shell 

If w'e now look back over what we have 
learned about the way in which atoms com- 
bine to form molecules, we find that while 
trying to learn one thing we have found out 
at least one other thing which we had no 
intention of learning. We started out to say 
that atoms combine because one ICises one 
or more electrons, getting a positive electric 
charge, while the other takes these electrons, 
receiving a negative charge. Opposite 
charges attract, and these atoms are held 
firmly together. In addition, we tried to 
explain why atoms sought to lose and gain 
electrons, or why certain elements are 
“active** and others “inert,” and we found 
out that it is a question of the outer shell of 
electrons. If there are two for the first shell 
and eight for any other outer one, the atom 
is quite satisfied and inactive. If the outer 
shell is about half full, the atom seems to be 
undecided whether to lose or gain, and is 
not very eager to do either. But if the 
outer shell is just beginning, or is almost 
full, let us say — if it contains one or seven 
electrons — then the atom and the element 


are very active and are willing to lose to any 
atom, or gain from any atom, that comes 
near. In addition, we have found that if 
we have atoms of one kind only, they can 
fill out their shells by sharing electrons 
w'ith other atoms of their own kind, forming 
such things as molecules of oxygen or ni- 
trogen. 

Grouping the Ninety-six Elements 

So we have learned how the elements can 
be arranged in the sort of table we have pul 
down, with the elements in each vertical 
column closely related to one another. 'Fhus 
helium, neon, and argon are more like one 
another than they are like any other element 
in all the ninety-six. Lithium, sodium, and 
potassium are very clo.sely rplatt‘(I. I'hc 
sjimc thing is true in each of the columns 
given; fluorine and chlorine are as clo.se to 
each other in their “character” as are 
helium and neon. And now we begin to 
see how the chemist grou[).s his ninety-odd 
elements. 

When chemists first arranged the ele- 
ments in this way, they found that ever}' 
now and then tliey had to .ski]) a .space in 
one of the columns in order to make related 
elements lie in the same column. They soon 
realized that this blank .space was the place 
for an unknowm elemefit — one that had not 
yet been discovered! Since tliey knew the 
elements above and below that unknown 
one, they knew fairly well what it must be 
like. So they were able to predict just what 
the new element would look like, how' it 
would act, how much it would weigh, and 
just where one would be most likely to find 
it! Searches in the com])ounds where its 
related elements are found usualh’ brought 
the new element to light, and in this way 
one blank space after another w.as filled. 
To-day ninety-six elements are known. 
Ninety-two of them occur naturally, and 
the others arc a result of splitting the atom. 

The number of electrons in the outer shell 
is the thing which determines the character 
of an element. Just tell a chemist .some- 
thing about the electron structure, and you 
need tell him nothing more about the ele- 
ment. He knows just where it belongs. 
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Interesting Facts Explained 

What is table salt? 1-5 51 i“ 553 ^ 555 

'I'he chemist’s shorthand, 1-551- Atomic weight, 1—553-55 

52 What happens to coal when it 

Mixtures and compounds, 1-552- burns? 1-555-57 

53 Tons, 1-557-58 
The Law of Definite Proportions, ..Solutions, 1—557 

Things to Think About 

How do elements combine? in a compound determined? 

Why do we get two gases from Why do the molecules of salt 
coal? break up when put into water? 

How is the weight of the atoms 

Picture Hunt 

What is the purpose of a hospi- How does the draft of a furnace 
tal’s chemical laboratory? i- determine the gases given off 

550 by a fire? i-55b 

Related Material 

How is chromium used in (an- \A rat chemicals are found in 
ning leather? 9-68 l>recious stones? 9-428 
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compounds according to definite properties of the elements ivhich 
laws. The properties of com- they contain. 
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Because our bodies are complicated little chemical lab- cures are found. Above, you may see machinery used 
oratories the chemical laboratory of a hospital or of in making sulfa drugs, those remarkable chemical 
a large drug company is very important. For it is compounds that have conquered certain of our worst 
there that the chemistry of our bodies is studied and germs and can cure some of our deadliest diseases. 

SOME STRANGE DEEDS among the ATOMS 

How Liquid Water Is Made from Two Invisible''Gases, and 
Common Salt from Two Poisons 

T MAY sound old-fashioned to say dred other things. We surely think of an\ 
that a thing may he regarded as the person as more than two arms, two legs, a 
sum of all its ])arts. A triangle is liead, and a few' oilier members. He is not 
made w’ith three straight lines, and a square just the sum of his jiarts, fur he can lose an 
with four. You ma\’, then, look upon a arm or a leg and still he the same person, 
triangle as the assemblage of three lines, And then there is the j^rohlem of the mob; 
and as possessing nothing that the three many times }'ou have heard that a large 
lines do not give it. number of jx'oplc will be more cruel or more 

Well, it is old-fashioned to make such a daring than any of the individuals in it. 
statement, for more and more w’c come to 'J’hc mob is something more than the sum 
see that a thing taken as a whole may have of all the persons in it. 

characteristics which do not reside in its The chemist is never surjmsed or shocked 
parts. A triangle brings ideas to our minds by such ideas, for every day he sees that the 
which would never be aroused by three things he puts together give him results 
straight lines in any other arrangement. We which never could have been guessed from 
may think of drawing sets, with their tri - the original materials. He knows that water 
angles, of certain emblems of loflges, of our is made cjf two invisible gases, and that 
last teacher of trigonometry, or of a hun- common salt is the result of a still stranger 
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Element 

! Symbol 

1 

Atomic 

Average || 
Atomic !| 

Element 

1 Symbol 

i 

Atomic 

Average 

Atomic 


Number 

Weight |, 


Number 

Weight 

Actinium . 

Ac 

89 

226. . 

Molybdenum 

Mo 

42 

96.0 

Aluminum . 

A1 

13 

26.97 1 

Neodymium 

Nd 

60 

144.27 

Americium 

Am 

95 

Neon . . . 

Ne 

10 

20.2 

Antimony 

Sb 

51 

121.77 ! 

Neptunium 

Np 

93 

237. 

Argon . . 

A 

18 

39-91 

Nickel 

Ni 

28 

58.69 

Arsenic 

As 

33 

74-96 

Niobium 

Nb 

1 41 

93-1 

Ajstatine . 

At 

85 

2IZ. 

Nitrogen 

N 

7 

14.008 

Barium . . . 

Ba 

56 

137-37 ' 

Osmium 

Os 

76 

190.8 

Berkelium . 

Bk 

97 

.1 

Oxygen 

0 

8 

16.000 

Beryllium 

Be 

4 

9.02 , 

Palladium 

Pd 

46 

106.7 

Bismuth 

Bi 

83 

209.00 

Phosphorus 

P 

15 

31.027 

Boron . 

! ® 

5 

10.82 

Platinum 

Pt 

, 78 

195.23 

Bromine 

Br 

3.S 

79-916 I 

Plutonium 

Pu 

94 

238. 

Cadmium 

' Cd 

48 

112.41 1 

Polonium 

Po 

84 

210. 

Calcium 

Ca 

20 

40.07 - 

Potassium 

K 

19 

39.096 

Californium ■ 

Cf 

98 

Praseodymium 

Pr 

59 

140.92 

Carbon « 

C 

6 

12.000 

Promethium 

Pm 

61 

147. 

Cerium 

Ce 

.58 

140-25 

Protactinium 

Pa 

91 

234. 

Cesium 

Cs 

.55 

132.81 

Radium 

Ra 

88 

225.95 

Chlorine 

Cl 

17 

35-457 

Radon 

Rn 

86 

222. 

Chromium 

Cr 

24 

52.01 

Rhenium 

Re 

75 

187. 

Cobalt 

Co 

27 

58.94 

Rhodium 

Rh 

45 

102.91 

Copper 

Cu 

29 

63-57 

Rubidium 

Rb 

» 

85.44 

Curium 

Cm 

96 

! 

Ruthenium 

Ru 

44 

101.7 

Dysprosium 

Dy j 

66 

162.52 

Samarium 

Sm 

62 

150.43 

Erbium 

Er 1 

68 

167.7 

Scandium 

Sc 

21 

45.t0 

Europium 

Eu 

63 

152.0 

Selenium 

Se 

34 

79-^. 

Fluorine 

' F 

1 9 

19.00 

Silicon 

Si 

14 

28.06 

Francium 

Fr I 

! 87 

157.26 ll 

Silver 

Ag 

! 47 

107.880 

Gadolinium 

Gd 1 

1 64 

Sodium 

Na 

i 11 

22.997 

Gallium 

Ga 1 

! 31 

69.72 j 

Strontium 

Sr 

, 38 

87.63 

G***'manium 

Gc 

32 

72.60 J 

Sulphur 

S 

16 

32.064 

vtUIU 

Au 

79 

197.2 

Tantalum 

Ta 

! 73 

181.5 

Hafnium 

Hf 

72 

1 178.6 I 

Technetium 

Tc 


99. 

Helium 

i He 

2 

1 4.00 

Tellurium . 

Te 

1 52 

127.5 

Holmium 

Ho j 

67 

1 163.4 

Terbium . 

Tb 

! 65 

159.2 

Hydrogen 

H 

I 

1 1.008 

Thallium . 

T1 

1 81 

204.39 

Indium 

In 

49 

1 114.8 

Thorium 

Th 

90 

232.15 

Iodine 

I 1 

53 

> 126.932 

Thulium 

Tm 

69 

169.4 

Indium 

Ir 

77 

' I93.I 

Tin 

Sn 

I 50 

118.70 

Iron 

Fc 

26 

55.84 

Titanium 

Ti 

! 22 

48.1 

Krypton 

Kr 

36 

82.9 

Uranium 

U 

92 

238.17 

Lanthanum 

La 

57 

138.90 ' 

Vanadium 

V 

23 

50.96 

Lead 

Pb 

82 

207.20 

Wolfram 

W 

i 74 

184. 

Lithium 

Li 

3 

6.940 ' 

Xenon 

Xe 

1 54 

130.2 

Lutetium 

Lu 

71 

175.0 : 

Ytterbium 

Yb 

70 

173.6 

Magnesium 

Mg 

12 

24.32 

Yttrium 

Y 

39 

88.9 

Manganese 

Mil 

25 

54.93 ; 

Z:nc 

Zn 

30 

65.38 

Mercury 

Hg 

i 80 

200.61 <1 

Zirconium 

Zr 

40 

91 . 


union. ()n(‘ ck'inciit is sodium (.so'di um), o»it still niori’ nhoul how ulcmcnls nuikc 
li^hl m color and weij'lil, and so active lomjMmiuls. 

chemically that a piece of it, if swallowed, The chemi.st cannot take the time and 
would scorch our throats badly, 'rhis metal spacT to write out such facts as these: two 
combines with a greenish, heavy, poisonous atoms of hydrogen (hi'drb-jen) combine 
gas called chlorine (kld'rin) to make ordi- wnh one atom of oxygen to form one mole- 
nary table salt ! eule (mbre-kul) of W'ater, or one atom of 

'fhoiigh he often does not know what tln’ ‘^odiiim combines with one atom of chlorine 
product is going to look like, the chemist is to form one molecule ol sodium chloride, 
not altogether ignorant ol what \ M hap|)en comna>iily callcsl salt. I hc' chemist has 
when elements combine He knows one found a muth shorter way. First, each 
very handy rule: that the weight of the elemcmt is known by one or two Icdlers from 
compound is always ecpial to the weight c)f its modern or its older name, usually its 
the elements which go into it. 'I'he weight Latin name, rhus 11 stands for hydrogen, 
never changes, whatever else may hapi)en, O for oxygen, (' for carbon. He for heliuni, 
and in weighing things the chemist linds and Fb for lead. Lach of these signs stands 
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Above is one of Uncle Sam’s chemists testing foods make sure that home products and foods from foreign 
for purity. Everyone knows how important it is to countries are absolutely safe. 


not only for the element, but for one atom 
of the element, so that IT means to the 
chemist one atom of hydrogen and O one 
atom of oxygen. But what is his sign for 
two atoms, or three atoms? A little number 
at the lower right side tells the number of 
atoms he means. Thus II2, Ilea, and C4 
mean two atoms of hydrogen, three atoms 
of helium, and four atoms of carbon. To 
tell what happens when two elements com- 
bine, the chemist uses a formula like this: 
H2+0=H20; which means that twx) atoms 
of hydrogen and one atom of oxygen 
make one molecule of 1120, or water. Notice 
the “equal” sign. It means the same thing 
as in arithmetic — that there mu.st be equal 
quantities on each side of it. If you add up 
the number of atoms of an element on one 
side, it must be the .same on the other side, 
since none of that element dLsiippears during 
the combination. Moreover, the “equal” 
sign tells us that we can multiply or divide 
both sides by the siime quantity without 
changing the truth of the formula. If we 
wanted to get two molecules of water in- 
stead of one, we could write 

2 H 2 + 20=2H20; 

for the two in front refers to everything that 
follows just after it, so that 2H2O means 2 
times II2O. 


We can make an experiment to illustrate 
the expression Fe + S=-FeS; that is, that 
one atom of iron unites with one atom of 
sulphur to form one molecule of “iron sul- 
])hide.” Sulphur we can get at the drug- 
gists, in the form of “llowers of sulphur”; 
half an ounce is enough. Iron filings, or 
iron in small bits, is to he had at the hard 
ware .store. If we take these two, ahoul 
half an ounce of sulphur and an ounce of 
iron, and merely mix them together, we can 
then separate them again in several way^ 
A magnet will draw' the iron j^arliclcs out ti 
the mixture, leaving the suliihur behind. A 
liquid know'n as airbon di.suljihide will dis- 
solve the sulphur without touching the iron. 
Or if we merely look at the mixture we can 
see that the iron is still there as little bits of 
iron; nothing at all has happened to it. 
I he sulphur, too, is the same fine N ellow 
})ow^der. For as yet we have made nothing 
but a “mixture” of our tw^o elements. 

How Compounds and Mixtures Differ 

But now if we can get a “test tube” such 
as chemists use, w’e can show' very plainly 
how a chemical compound differs from a 
mere mixture. We put the mixture, in the 
tube, over a very hot fire. At first, some of 
the sulphur will start burning, and unless 
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wc are using a rather narrow tube, we are 
likely to be partly choked by a rather biting, 
ill-smelling gas. It should not be breathed 
for long, and never deeply. What we are 
now doing is making the sulphur combine 
with the oxygen of the air; that is what 
happens to anything when it burns — it com- 
bines with the oxygen of the air. In the 
case of the sulphur, the chemist would ex- 
press it as follows: 

S 4 “ 02 =S 02 

'Fhat is to say, one atom of sulphur combines 
with two atoms of oxygen to form one mole- 
cule of “sulphur dioxide.” Suli)hur dioxide, 
the ill-smelling gas, is used widely for bleach- 
ing straw hats, flour, and other things. 

Making Iron Sulphide 

After being heated a while longer the 
w'holc mass starts to glow, and no more gas 
is given off. Even if w'e remove our con- 
tainer from the fire, its contents now con- 
tinue to glow. The glowing shows that the 
I ” .. Ee + S = FeS is going on. 

When the w^hole thing has cooled — wc 
should put it under water to be sure — and 
we remove w'hat is left in the tube, W'C shall 
have a number of .surprises. First, the entire 
contents may now be taken out in (jiie piece; 
there arc no signs of the jjow'ders put in at 
the beginning. Second, the lump we hold in 
our hand looks like neither iron nor sulphur. 
It looks more like a cinder such as one may 
see along a railroad track. What is more, it 
has none of the properties of either of the 
two elements that w’ent into its making. It 
is not attracted by the magnet, and no part 
of it can be dissolved in carbon disulphide. 
It is a new' thing — a chemical com])oun(l, and 
very different from the simple mixture with 
which we started. 

The Definite Proportions in a Compound 

If W'C do this experiment very carefully 
and examine the iron sulphide by grinding 
it up and looking at it with a mic* 'scope, or 
testing it with a strong magnet, then w^e 
may find that there are some little particles 
of iron still left in the compound. Some of 
the iron hds been left over. Or, even during 
and after the glowdng, we may get the 
choking smell of sulphur dioxide, showing 


that some sulphur is still left over to com- 
bine with the oxygen of the air after all the 
iron is gone. But never do we have both 
iron and sulphur left over. 

Now suppose W'e tried a great many times 
to get just the right quantity of each ele- 
ment, so that not a bit of either would be 
left over — so that there would be nothing 
left but iron sulphide. Wc should find that 
wc needed exactly 7 parts by weight of iron 
to 4 parts by weight of sulphur m order to 
get this result. So 7 grams of iron combine 
with 4 of sulphur, 14 with 8, 28 with 16, 56 
wdth 32, and so on, as far up as you like — 
the iron in the compound alw’ays being 
greater by W'cight than the sulphur, in the 
proj)ortion of 7 to 4. So we are dealing with 
a perfectly definite thing. 

In the mere mixture we could put any 
amounts of sulphur powder and iron filings 
U)gethcr,and no matter what the proportions, 
wc should still have a mixture of iron and 
sulphur. Now, how'ever, if wc take more 
than a certain proportion of iron, some of it 
is sure to be left over from the compound, 
and if we take too much sulphur, it cannot 
all be used up in combining with the iron. 

The Weight of Atoms in a Compoimd 

Now let us imagine that wc want to divide 
into little pieces the compound wc have 
made. No matter how' little w'e may make 
the pieces, there will always be 7 parts of 
to 4 parts of sulphur in them. Let us 
sa^ that we have a handful at first. Then 
W'C cut it in half, and then half of the original 
piece into two quarters. One of the quarters 
W'e continue dividing — into eights, sixteenths, 
thirty-seconds, and on Jind on and on. After 
a while we get dowm to a piece so small that 
it has only a few molecules in it. And after 
dividing it several times more, we arrive at 
the smallest possible piece of iron sulphide — 
one molecule. We cannot divide it any 
further, for if we did wc should no longer 
have iion sulphide, but the two atoms iron 
and sulphur. 

In this molecule of iron sulphide, the pro- 
portion of iron to sulphur, by weight, is 7 
to 4. But since we have only one atom of 
each, the atom of iron must be heavier than 
the sulphur atom in the proportion of 7 to 4. 
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I’hotn l»v Du Pont 


We must thank the science of chemistry for a great it not for our chemical knowledge. The white cakes 
many of the things we use every day. We should not on the moving belt above are rayon in the process of 
be able to have many of our most useful fabrics were drying before becoming stockings or dress goods. 


So now we understand why we cannot use 
more than a certain quantity of iron to 

-mbine with a fixed amount of sulphur: 
each atom of sulphur joins with one atom of 
iron, and if there are too many atoms of 
iron, the extra ones will simply have to do 
without a mate; they will be left over as 
pure iron. Or if we use too much suliihur, 
some of that will be left over. And more 
than that, when two elements such as these 
combine atom for atom, the pro] )ort ions by 
weight in which they combine give us the 
pro]X)rtion by whiih one atom is heavier 
than the other, just as we h)und the iron 
atom is as 7 to the sulphur atom's 4. 

The Weights of Sulphur and Oxygen 

Atomic (a-tGm'lk) weights are measured 
in “atomic mass units” — abbreviated a.m.u., 
and the oxygen atom has been chosen as 
standard, with a weight of 16 a.m.u. It 
might have been another number, but sci- 
entists have agreed on sixteen. Then they 
set about to sec how much lighter or heavier 
all the other atoms are. They found out in 
just the way we did for iron and sulphur. 


We saw in our little e.\i)erimenl that at one 
time we got this jirocess: 

S SO, 

We ha\'e ])iit the atomic weight of oxvgeii 
at I ft, and we find out, by wVighing, the 
quantities of suljiluir and ox\gen which 
combine. It turn^ out that the sulphur, 
with one atom, weighs ^2, and the oxygen, 
with two att)ms, also weighs ^ 2 . One atom 
of sul])hur therefore weighs twice as much as 
one atom of oxygen. So if o\\gen weighs 
ift, .sul])hur weigh.s ,^2. 

Finding the Atomic Weight of Iron 

Now knowing the atomic w'eight of sul])hur 
to be 32, we can find the atomic weight of 
iron. From our experiment we fouiui that 
the iron atom is heavier than the sulphur 
atom in the projiortion of 7 to 4. So we have 
this simjde little problem to solve: 7 is to 4 as 
what number is to ,^2? T'he answer is 5ft; 
and that is the atomic weight of iron. 
Knowing the atomic wx-ight of iron, we can 
next measure the amount of some other 
element which comliines with it and find out 
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the atomic weiglit of that other dement— 
and so on until we have found out the rela- 
tive heaviness of all the ninety-two elements. 

Elements of high atomic weight should be 
lieavy, since an element is nothing but a large 
number of fitoms, and if the atoms are heavy, 
so is llie clement. Wc; may expect lead, 
ntcrcury, and gold to be elements of high 
atomic weight, and they are. Hydrogen is 
the element of lowest atomic weight, the 
lightest element known. Its atomic weight 
is I. Helium, carbon, ami nitrogen are 
among the.otlier seven elements which are 
lighter than ox\'gen. "I’he element of heav- 
iest atomic weight is curium, a man-made 
dement. It is approximately 15 limes as 
hea\'y as oxygen. 

What a distance the slmjde experiment 
with iron and sulphur has taken us: We 
liad better stop to “take stock. " Ilow'^ many 
things did that experiment illustrate? 

The Law of Definite Proportions 

Wc u.c*i.ie] lirst that a mixture is very 
ditTercnt from a chemical compound in that 
you can use any i)r()i)ortion of the dements 
in a mixture. ^^)U can mix a j^umd of 
sulj)hur with a ton of iron filings if you so 
desire. 

Xext, after heating llie iron and sul]>hur, 
we found that I lie resulting substance in no 
way resembled dllier iron or sulphur. That 
this is not unusual we know' from the case 
of welter, which is made of two iividble 
gases. Chemical compounds in general do 
not resemble the elements of which they are 
made. 

I'hen we did some experiments in weigli- 
ing the amounts of sulphur and iron, and 
found, to begin with, that the “eciual"' sign 
in the chemists’ way of describing things 
really means “eciual.” d'he numbers of 
atoms on the two sides of the sign must be 
equal, and so must the weights, 'fhat is, 
the weight of the compound in TV f S=FeS 
is equal to the sum of the weights i the 
dements making it. I'lirthennore, iron and 
sul])hur will not combine in all proportions. 
We must lake a definite quantity of one to 
combine \vrth a definite quantity of the 
other. If we take too much of one we shall 
surely have some of it left over. This rule 


the chemist calls ^‘ 7 ’hc Law of Definite 
Proportions.” Definite proportions are a 
sure sign of chemical compounds; any other 
proportions arc a sign of a mixture. 

The Proportions in Which Elements Combine 

We found the reason for the definite 
jiroportions in which elements combine. It 
is simjih’ tliat tliey combine atom for atom, 
or in some sudi simple relationship. When 
all the atoms of an dement are used up in 
comhining with the atoms of another, and 
there arc still some atoms of that other 
element, then these extra ones cannot find 
anything with which to join, and they re- 
main i.s the dement. If all the atoms of 
sulphur are used up and there are still mo^e 
iron atoms ])resent, the.se iron atoms cann<)t 
do an\ tiling luit remain iron; and we find 
little part ides of iron in the iron sulphide. 

F nally, by weighing things, wc found 
that some atoms are luuavier than others. 
Iron is to sulphur as 7 is to 4. 1'hat is, if w'e 
have tw'o equal boxes, one full of iron and 
tlie other full of sulphur, the box of iron will 
be almost twice as hc^avy as the other. If 
we call the oxygen atom 16, we can find out 
which atoms are lieavier, and whidi ones 
lighter than this one. The dements of high 
atomic weight are the lieavy ones, such as 
lead and gold. I'lie ones of ]ow' atomic 
weight are the light ones, such as lixdrogen 
and nitrogen. 

Tho^<' of us who use hard coal or coke as 
fuel ill our furnaces can learn a lesson in 
chemistry while stoking the lire. 

First, we may notice that when coal is 
pul into the furnace and the bottom draft 
is opened to allow the fire to pick up, a brisk 
yellow bla/e |ila\s above the coals. Sparks 
leap upward and vanish. Indeed, probabl}' 
a largi' part of the blaze is made of such 
sparks, wliich are themselves glowing par- 
tales of coal. 

What Causes the Blue Blaze from Coal? 

.\fter the lire has a good start, it is custo- 
mary to dose the bottom draft and to open 
the furnace door. In this way the fire is kept 
from burning too fast In a little while if 
we look into the door we can see a blue blaze, 
not burning steadily in any one place, but 
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disappearing and then reap])caring with a 
gentle pop or i)ulT. There is no yellow^ flame 
now, and the draft is not strong enough to 
bear sparks upward. What is the explana- 
tion of these simple facts? 

When carbon, or coal, burns in a good 
draft, the following action takes place: 


small amount is passing up through my glow- 
ing embers. But I can economize; instead of 
taking tw^o atoms of oxygen for each atom 
of carbon, I shall take only one.^^ And that 
is w'hat the coal docs, for the process is 

c + o=co 

Since oxygen atoms alw^ays travel in pairs, 
there are two oxygen atoms to a molecule; 
so the chemist would rather write this 
2 C + 02= 2 CO 

The meaning is just the same. With the 
draft closed, then, we have one atom of 
carbon uniting with one atom of oxygen to 
form one molecule of “carbon monoxide,” or 
CO. Carbon monoxide is a gas without 
smell or taste, invisible, quite poisonous, 
and esixjcially dangerous because its presence 


is not noticed. It wxiuld be foolhard}’ then, 
to close the draft on our furnaces but for the 
fact that carbon monoxide is inflammable. 
It burns, and with a blue flame! So the 
blue flame you sec can be explained in this 
way: 

2CO + 02 = 2CO2 

On top of the coals the carbon monoxide 
burns to the harmless carbon dioxide, giving 
us, in the process, a 
lov'cly, flickering blue 
flame. It burns on lop 
of the coals only, be- 
cause plenty ^f oxygen 
from the open door can 
reach it there. So in 
the lower las ers of coal 
we have one chemical 
process going on — 

2C + O2-JCO 
and in and above the 
ujijier layers 
2CO + 0 «= 2CO2 
The flame flickers be- 
cause after burning for 
a nuiment all the CO is 
gone from that one 
S]h)L, and the flame 
goes out. Then the 
slight draft coming u]i- 
ward brings some more 
CO, and when the open 
air is reach erl the blue 
flame once more comes 
into being. 

Something new to us, however, is happen- 
ing in the furnace. Never before have \\c 
seen two elements combining in more than 
one w'ay. Iron and sulphur form FeS, and 
we may have thought that this was all the 
tw^o elements could do together. But they 
can unite to form FeS2 and even other 
compounds, just as carbon in the furnace 
forms both CO and CO2. If we learn why 
carbon acts in this way, we shall understand 
why iron and other elements have a “choice” 
when they form compounds with another 
clement. 

Our little table which you will find in 
another chapter shows you that carbon 
has two shells of electrons, the usual inner 
one of two, and an incomplete outer one of 


C + 02 =C 02 

That is, one atom of carbon unites with tw'o 
atoms of oxygen from 
the air to form one 
molecule of a gas known 
as “carbon dioxide.” 

Carbon dioxide is fa- 
miliar as the gas in 
ginger ale and soda 
W'ater. It is not inflam- 
mable, has no smell, 
and is harmless under 
most circumstances. It 
passes up the chimney 
and is lost in the air. 

When the bottom 
draft is closed, very 
little air comes up 
through the layer of 
coals. The only draft 
is caused by leaks. 

Under these conditions, 
we might imagine the 
coal saying to itself: 

“I must have oxygen 



This picture shows you a coal furnace with its lower 
draft open. The fire is burning briskly. There is 
plenty of oxygen; so each atom of carbon is com- 


V...* ^»“»ng with two atoms 9f oxygen— -which are all it 
in order to bum, but can hold, if you shut the draft, there will not be 


the draft is closed so 
tightly that only a very 


so much oxygen; then each atom of carbon must be 
content with one atom of oxygen instead of two. 
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four. When il com[)incs with oxygen it loses 
electrons from this outer shell. 'J'hc secret 
is, however, that the carbon atom floes not 
have to lose all four. It may lose only two, 
or it may lose all four. If it loses two, one 
atom of oxygen, which needs two electrons 
to add to its six in the outer shell, will take 
these two; and the one atom of carbon and 
one atom of oxygen w'ill combine to form 
one molecule of carbon monoxide (CO). But 
if the carbon atom loses all four electrons, it 
will take two oxygen atoms to capture these 
four, since each oxygen atom can take only 
two. Arrd now one carbon atom combines 
with two oxygen atoms to form carbon 
dioxide (CO 2 ). 

Why We Get Two Gases from Coal 

We may say that the oxygen atoms are 
trying to take away electrons from the car- 
l)on atoms. If there are a groat many 
oxygen atoms they have a very strong pull, 
and succeed in capturing all four of the 
electrons which carbon can lose. But if 
there are only as many oxygen atoms as 
carbon atoms, then the pull is not so strong 
and carbon yields up only tw'o of its electrons. 
And that is why it may combine in ^hese 
two ways. 

Now we have not violated our “law* of 
dennite |)ro])ortions,” which .said tliat when 
two elements combine they always do so in 
definite ratios. .All that the furnace has 
taught us is tliat there is more than one 
definite jiroportion. Thus we have seen ihe 
jiroportions of iron and suljihur in FeS to 
be 7 to 4. In FeSo the ])roportions are just 
as definite; thc>' are always 7 to 8, and you 
can easily see why, for there is just twice as 
much sulphur in a molecule of this com- 
pound. In CO the proportions by weight 
are 3 to 4, and in CO 2 they arc 3 to 8, because 
there is twice as much oxygen in the second 
compound. So even if two elements do 
combine in a number of ways, each com- 
pound has jKTfectly tlefmite proportions of 
each element by weight. 

The Action of Salt in Water 

When a bit of common salt is jiut into 
water, a scries of ver>' remarkable changes 
can be noted. You may say that the dis 


appearance of the salt is itself a wonderful 
thing, at least if you have ever wondered 
why the siilt vanishes. Yet although it is 
gone from sight, w'e can still taste it. 

The chemist uses the same word that we 
use for this action of salt. He says it '‘dis- 
solves” in w'ater. The product he calls a 
“solution,” in this case a solution of salt in 
w%atcr. Wc may have solutions of sugar in 
w'aler, sugar in alchol, baking powder in 
water, and a great many other kinds. In a 
large number of cases, however, the same 
sort of action takes jilacc, so that we may 
speak of all of them together. 

Take a glass of pure water and put into 
it the two wires from a storage liattery, 
keeping the wires apart. Nothing happens. 
Now while the wires are still in the w’ater, 
j)ut in a pinch of salt. Immediately bubbles 
liegin to collect on one wire, detach them- 
.selves, and rise to the surface. If you col- 
lect the gas by putting a glass, filled with 
water, upside down over the wire, you will 
find that you have collected hydrogen, the 
lightest thing in the world. After a few' 
minutes, you will also see that the other 
copjxir w’ire is losing its bright shiny ap- 
pearance. FA’idently some mysterious things 
are going on in the .solution through wliich 
an electric current is passing, and the salt 
must be responsible for them. So let us go 
back to this very familiar compound. 

What Are “Ions”? 

Salt i.s made of sodium and chlorine, com- 
bined atom for atom (XaCl). Wc have al- 
ready seen that sodium is very eager to lose 
one electron, and that cJilorine is just as 
eager to gain one. Sodium, through the 
loss, gets a positive charge, and chlorine, 
through the gain, gets a negative one. WTen 
these two are close together, as they are in 
a molecule of salt, the result is no charge at 
all: the one positive charge simply neutralizes 
the ncgati\ e one. 

When we put salt into water, however, all 
of this is changed. The sodium is freed from 
the chlorine and eacli can wander around in 
the solution. These particles in the solution, 
then, are really sodium atoms minus one 
electron - which is the same thing as saying 
that they have a positive charge. The chem- 
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ist gives these charged particles a separate 
name. He calls them sodium “ii>ns,” a 
name that comes from the Greek word “to 
go.” In the same way, the negatively 
charged particles are not really chlorine 
atoms, but are chlorine ions. And now let 
us see why the name of these charged par- 
ticles means “things that go.” 

Remember that unlike charges attract. 
One wire from the battery is positive (+), 
and the other negative (— ). So all the 
negatively charged particles are attracted to 
the -f- wire and all the ]K)sitivTl\' charged 
ones to the — wire. The sodium ions, with 
their positive charges, stream toward the 
negative ^^ire, and the clilorine inns toward 
the positive wire. Something happens to 
each one at its destination. 

When a sodium ion .arrives at the \\ ire, its 
])ositive charge is neutralized by the negative 
charge in the wire, and the sodium ion In- 
comes a sodium atom! Now do you n- 
member what haj^pens to ordinary sodium 
when it is i)laced in uater? it is so eager to 
lose an electron that it combines with tlie 
water, and tliis is how it does it: 

2Xa + Il20=2XaOH + Ho 
That is, two atoms of sodium combine with 
one molecule of water to form two molecules 
of “sodium hydroxide” — caustic soda — and 
one molecule of hydrogen. So right around 
the negative wire we have caustic soda and 
hydrogen formed. The caustic soda is dis- 
solved in the water and remains there. The 
hydrogen is not dissolved, but appears as 
bubbles on the wire, finally escaping into 
the air. 

At the other wire, chlorine ions gather 
and become chlorine atoms on touching the 
wire. Chlorine atoms, you remember, are 
trying to find one more electron; there arc 
seven in the outer shell, anrl chlorine is, for 


this reason, vt^ry active. So it “attacks” or 
combines with, the coj)])er in the wire, and 
the tarnish you see is a “chloride of copper.” 
]f, instead of putting the positive wire into 
the solution, we had attached it to a jiiece of 
c.'irbon, and put the carbon in, \\c should 
have obtciined the jioi.sonous gas chlorine. 
Since it docs not attack carbon, it would 
appear as bubbles, and \ve could collect it 
as a greenish, ill-smelling gas. 

So Ave have to tell a long story to explain 
just why there are bulibles on one wire and 
tarnish on the other, but in telling that 
story we have k\.rne(l i]iiite a fow things 
about “solutions.” Many chemical com- 
pounds act in just the same way as does 
salt — they dis.solve and s|)lit into positive 
and negative ions. We .should never susj^et I 
the j)resencc of these charged jiarticles, be- 
cause when they are sep.'irated the>’ are 
much too small to see. Rut when we jiass 
;i current through a .solution containing them, 
strange things happen. Common salt gave 
us a rather com[)licated si-ries of events, 
and other compounds will gi\c still other 
results. 

Tf a pinch of salt will jmxlucc .all the actions 
we have just described, need we e\er again 
wonder at tlie great dilhcully of e\])l:iinii;g 
apparently simple things? Almost an\ (p.es- 
tion \ou m;iy ask, if followed even a little 
way, becomes so difficult that the gre.'dc‘st 
minds of the age cannot answer it How 
does a tree grow? What is in the .stars? 
Are any other planets inhabited? Win' 
docs candy baste sweet? All these are 
questions much like the one we asked as to 
what ha])f)ens to a jiinch of salt when you 
jjut it into water. Even that question we 
have answered only in part; for the entire 
answer wa)uld rerjiiire more than all the 
knowledge in the universe. 
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•’ 5 ' o«“teons-the little gray 
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P^icular uranium is of the kind that weighs 
235 ^}omic mass units instead of 238 the 
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THE ENERGY LOCKED IN THE ATOM 

How Man Learned to Change Solid Matter into Vast 
Amounts of Enerjity and UJiered In a New Era 
for the Human Race 


0 T WAS half past fi\T of a stormy 
morning on July i6, 1045. In pour- 
ing rain shot through ^Yilh flashes of 
liglilning a tense little group of distinguished 
scientists and military men had gathered in 
the heart of the lonely Xew j\re.\ic«» desert 
to watch one of the most momentous ex[)eri- 
nients of all time. 'I’wo billion dollars had 
been S])enl by our government in order that 
this event might come to pass, and ]. mdreds 
of thousands more had been spent by uni- 
versities and other foundations of learning 
in tlis('overing facts that had to be known 
before the experiment could be attempted. 

Now, in a distant part of the Alamogordo 
(a'la-mo-gOr'dO) Air base, z2o miles south- 


cn.K of Alliwiucrquc, a gigantic bomb had 
liccn niounlwl on a high sled tower built 
lor tlie |.mr|)o.?c. At a signal the Ixinib was 
set oflj and with its earth-shattering ex- 
jilosion, which melted the tower with its 
heat, mankind strode ahead a thousand years 
in lime and entered a new age— the Age of 
Aiomir I'ncrgy, in prospect more dazzling 
and at tl-e same time moa' forbidding than 
any of the ages tlirough which man has come. 

No one had known whether the bomb 
would c.\pIiKie or not. Its inventors could 
only hopc-ho|ie that their creation would 
have the destructive jjower to bring Jaiwn 
to her knees and that mankind would have 
a new .source of onergj' powerful beyond our 
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wildest dreams. The success of the experi- 
ment was greater than anyone had dared 
hope for. A small amount of matter, pro- 
duced in especiaUy constructed industrial 
plants, was made to release the energy locked 
up in its atoms since the beginning of time. 
No longer is man entirely dependent on the 
sun as the final source of all his [lower. For 
the first time vast amounts of energy are 
his for the asking. 

The Gravest Problem of Mankind 
What is man going to do with this new 
source of power? How can he best use it? 
Can we control it for the good of mankind 
or is it going to destroy the human race? 
The answer rests with man himself— with 
you and me and the people who live next 
door. We may enjoy a future nnire lieauli- 
ful than our wildest dreams if men will be 
honest and kindly and play the game fairly. 
But if they keep on being brutal and dis- 
honest and greedy the nations will continue 
to look at each other with fear and susiiicion, 
and some day the atomic bombs will begin 
to fly through the air and civilization will 
be wiped out. It is for man himself to de- 
cide. No one else can decide for him. 

Now if we are to act wisely and would 
make a lasting resolution to do so, we must 
understand just what atomic energy is and 
why it is so deadly. So if you will put on 
your thinking cap and read carefully and 
slowly, w'e shall lead you along the road that 
.scientists have cleared with such difficulty 
and to which they have de\'otcd so many 
years of toil and .self-denial. For the achieve- 
ment belongs to no one man and no one 
nation. It is the work of an army of men 
toiling in laboratories in e>'ery civilized coun- 
try on the face of the globe. 

Let us begin our study of atomic (a-tdm'- 
ik) energy by making a short siimniary of 
what we already know about atoms from 
earlier chapters in this book. As you read 
each statement in this summary, be sure 
you understand exactly what it means. If 
you are hazy about any of it, go back to the 
earlier chapters and clear the matter up. 

Do You Understand What Follows? 

I. There are 92 substances found in na- 
ture. Alone or in combination with one 
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another they make up everything in the 
physical universe. 

2. These 92 simple substances are called 
“elements.” 

3. The smallest particle of an element is 
an atom. 

4. Atoms contain, among other things, 
jx)sitive bits of electricity called protons 
(pro't^n) and negative bits of electricity 
called electrons (e-lck'trnii). 

5. The protons are contained in the nu- 
cleus of the atom, while the electrons revolve 
about the nucleus, much as the planets re- 
volve about the sun. 

6. The number of protons in the nucleus 
of an atom of any given substance is always 
the same as the number of electrons circling 
about in the outer shell of the atom. 

7. The atomic number of an element is 
always the same as the number of electrons 
which revolve about the nucleus in an atom 
of the substance. 

8. The atoms of different elements have 
different weights. 

g. The atomic weight of an element is ex- 
pressed in what are called “atomic ma.ss 
units” — abbreviated “a.m.u."- -and is based 
on the atomic weight of o.xygen. Scientists 
have agreed that an oxygen atom weighs ib 
atomic ma.ss units. 

10. The greater the atomic number, the 
greater is the atomic weight of an element. 

What Is a Neutron? 

All of the above is jiart of a .scientific 
theory known as the atomic ihetiry. On 
the basis of these ideas we have (ome to 
understand mucli of what goes on in the 
universe. There are, however, gajxs in the 
theory - fiiieslions yet to be answered. Not 
long ago one of the most j)uzzling of these 
([uesiions was answered and an im[)ortant 
gap in our knowledge was filled in. The 
jiroblem was this; An atom of hvflrogen 
(hiMro-jCn) contains one proton and one 
electron. An atom of helium (hc'll-fim) 
contains two protons and two electrons. 
Since the atomic weight of hydrogen is taken 
to be i, the atomic weight of helium .should 
be 2. Yet careful measurement shows that 
the helium atom weighs 4 atomic mass units. 
How can it be? 

B 





It was the discovery of radium in 1896 which started 
scientists on the road to the splitting ot the atom. 
They had thought that the 92 elements were eternally 
fixed, and that one of them could never be changed 
into anothbr; But radium— with 88 protons and 138 
neutrons in its atom- -proved to be con^ntly shoohng 
particles out into space and thus breaking dovm into 
lead. As you see above, a radium atom sends out 


three kinds of radiations: 1) the alpha particle, which 
is really a helium nucleus containing two protons and 
two neutrons that break off as a unit and go rushing 
away at a speed of 33 million miles an hour, 2) the 
beta particle, which is an electron ejected when the 
radium is approaching its end, and 3) gamma rays, 
which are pure energy radiations sent out as the ra- 
dium breaks down. 
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The scientists dug more deeply into the 
problem. By clever methods they suc- 
ceeded in weighing electrons and protons. 
They found that the weight of the electron 
was so small in comparison with the weight 
of the proton that it could be disregarded 
entirely. But they also found that for all 
intents and purposes the proton weighed i 
atomic mass unit. This made the problem 
of the weight of the helium atom even more 
complex. The solution came late in 1032 
when J. Chadwick, an English scientist, an- 
nounced that he had discovered a new j)arti- 
cle which he had succeeded in rii)ping out 
of the heart of atoms. 'Fhe now particle 
was studied with great intcrej*^. It was 
generally agreed that it was noihing more 
than a proton and electron in very, very 
close ass(x:iation. Since the charges on the 
proton and electron canceled each other 
completely, the particle was electrically neu- 
tral. So it was decided to call the new parti* 
cle a “neutron” (nu'tron). 

Neutrons arc found in the nuclei (na'kle-I) 
— the plural of ‘‘nucleus” -of all atotns ex- 
cept ordinary hydrogen. Since the proton 
weighs I atomic mass unit and the weight 
of the electron is too small to be taken into 
account, the neutron may be said to weigh 

1 atomic mas^ unit. In this way Chad- 
wick’s discovery solved the problem of the 
wxight of the helium atom. If we assume 
that the helium atom contains a nucleus o'f 

2 protons and 2 neutrons and has 2 electrons 
revolving about the nucleus, we have an 
atom with an atomic number of 2, because 
of the 2 electrons in the outer shell, and 
an atomic wxight of 4. 'Phis means that 
there are 2 atomic mass units for the 2 pro- 
tons plus 2 atomic mass units for the 2 neu- 
trons. 

An Easy Shorthand 

Scientists have adoj)ted a kind of short- 
hand for expressing the atomic number and 
the atomic weight of an element. They 
WTilc the atomic number below and in front 
of the chemical symbol, and the atomic 
wxight above and after the symbol. For ex- 
ample, the symbol for helium is “He”. Its 
atomic number is 2, anrl its atomic wxight 
is 4. So in writing, it is described thus: 


Uranium (fl-ra'ni-um)— atomic num- 
ber 92, atomic weight 238 — is written as 

As scientists now believe, atoms contain 
at least three different kinds of particles--- 
j)rotons, neutrons, and electrons. In general, 
an atomic number indicates the number of 
electrons in the outer shell. To be electii- 
cally neutral, a nucleus must contain an 
equal number of protons and electrons. Neu- 
trons make up the remaining mass of that 
is, material in— the atom. The atomic 
weight indicates the total number of j)ro- 
tons and neutrons in a nucleus. , For ex- 
ample, the atom is composed of 92 

eleclrons—circling about in the outer shell - 
and a nucleus of 92 protons anil 140 neu- 
trons — ()2 -f 14O = 23S. 

What Is “Heavy Water”? 

It was Dr. Harold Urey (n'rl) wdio pro- 
vided another missing link in the chain of 
atomic theory, and for this distinguished 
w’ork was awarded the Nobel IVi/.e in Uheini- 
stry in 1934. Before his disioNery several 
investigators had noted lliat sain pies of 
hydrogen differed from one another in al«)inii 
W'cight. Dr. Urey reasoned that there might 
be more than one kind of hydrogen, and 
that one kind might v\x*igh more than another. 
If, for examine, there were (wo kinds, the 
difference in atomic wxighl of various sam])les 
could be easily account eil for, inasmuch as 
any one samj)le might differ from other 
samples in the [)roportions of the tw'o kinds 
of hydrogen that it contained. 

Developing this idea, Dr. Urey discovered 
“heavy hydrogen”- -hydrogen with an atomic 
number of j, like ordinary hydrogen, but 
wdth an atomic weight of 2. He is often 
said to have discovered “heavy w'atcr,” for 
hydrogen combines with oxygen to make 
water. In hel])ing him to his discovery the 
neutron once again came to the rescue. 
Ordinary hydrogen — ,H' — contains a pro- 
ton and an electron; but heavy hydrogen- 
iH“ - has a nucleus made up of one proton 
and one neutron, wdlh a single electron re- 
volving around the ])air. Both of these 
atoms are hydrogen, but they differ -in atomic 
wxight. Atoms which, like the two hydro- 
gen atoms, belong to the same element but 
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This is the beautiful but terrible sight that observers 
saw when an atomic bomb was set off under the water 
at Bikini. Ten million tons of water has formed a col- 

have a difTerent atomic weight are called 
“isotopes” (rsA-lop). AIosl of th known 
elements have isotopes, ("hlorine (klo'rln), 
for exami)lc, has two isotopes; they are 
and Both atoms are chlorine, but 

the isotope having an atomic weight of 37 
has two more neutrons in its nucleus than 
its lighter twin. 


umn over a mile high. 'Plutonium weighing some two- 
fifths the weight of a dime caused this explosion, in 
which the heat at the center reached 100,000,000° F. 

Uraniism has three known isotopes. They 
arc 92I 92b' In any sample 

of uranium ore taken from the earth we lind 
that most of the uranium — in fact, oq . 2 per- 
cent — has an atomic weight of 238. But 
.7 percent has an atomic weight of 235, and 
a very tiny amount, .006 percent, has an 
atomic w^eight of 234. 
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This diagram shows 
an atom of hydro- 
gen, with its single 
electron — a mere blur 
of energy^ whirling 
around a single proton, 
the atom’s nucleus, 
like a planet whirling 
around the sun. 



In this atom a neu- 
tron— consisting of a 
closely united proton 
and electron* has 
been added to the 
nucleus of the hydro- 
gen atom to make 
heavy hydrogen. 



A proton and a neu- 
tron have been add- 
ed to the nucleus 
of our atom, with 
the result that we 
now have a helium 
atom with two pro- 
tons, two neutrons, 
and two electrons. 


The scene of our story now shifts to Ger- 
many in the year 193Q. Hahn and Strass- 
man, two eminent scientists, were carrying 
on experiments in which they were bombard- 
ing a large number of elements with neu- 
trons, Usually the neutrons bounced off the 
nucleus of the atoms and produced no effect. 
Sometimes, however, the neutrons would be 
captured by the nucleus of the atoms, and 
in this way new isotopes would be formed. 

It was with particular interest that they 
looked forward to one experiment. What 
would happen if uranium — element number 
92— were bombarded with neutrons? Would 
it behave like so many other elements and 
show no change? Or would it capture the 
neutron and form a new and hitherto un- 
discovered isotope? 

When the experiment was performed the 
results were astounding. The uranium atom 
cajitured a neutron, and then its nucleus 
split into two separate masses. In this way 
two much lighter elements were ])roduccd — 
barium (ba'r!-iim),with 46 protons, and kryp- 
lon (krip'ion), with 36 protons. But that was 
not all. Marksmanship among atoms is 
notoriously bad. Most of the space is 
empty. The chances of a direct hit are very 
small. Yet, even though they were striking 
only a dozen or so of the uranium alums at 
the same instant, the experimenters noted 
a distinct rise in tem])erature inside the con- 
tainer in which the splitting, or “fission” 
(ftsh'fln), of the uranium was taking place. 
The rise in temperature was beyond all ex- 
pectation in view of the small amount of 
energy used in firing the neutron. 


Then two other Germans — Lise Meitner 
(le'/e mit'ner), a distinguished woman scien- 
tist, and Otto Frisch (frish) — added another 
important link in the chain of know'Iedge 
that scientists were working so hard to forge, 
lliey discovered that it was only in the iso- 
tope 92U“’^® that a sjilitting of the nucleus — 
or “nuclear fission” — took place directly 
when the atom was struck by a neutron. 
This was the one fart which Copenhagen, 
Paris, Berlin, and Washington, in fact scien- 
tists all over the world, had wanted to know. 
Now they knew that when, in the process 
of capturing a neutron, the nucleus of noL'"®® 
was split, it let loose severakother neutrons. 

What Is a Chain Reaction? 

Can you guess why this fact was so im- 
portant? Imagine a row of firecrackers ar- 
ranged so that the fuse of one is fastened 
around the center of the one before it. Light- 
ing the fuse of one will set the whole line 
going. Of course, if there were any breaks 
in this line, the reaction would stop at that 
point. In other words, the firecrackers 
W'ould cease to go ofT. The work of Meitner 
and Frisch clearly showed that if we could 
get i)ure 92 U*®*", free of the more common 
92U^''*^ and if one neutron started to split 
one atom of the neutrons set free 

by that iission would in turn set off other 
atoms. Within a twinkling the whole mass 
would go up in a tremendous burst of energy. 
We call this process a “chain reaction.” It 
is much like setting off a bunch of firecrackers 
by fighting just one. 

During the war years the Allies as well 
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as Ihc Axis powers worked fcverislily lo find 
methods of extracting large quantities of 
mU***®® from 'fhe United States won 

the race, for not only did we have the money 
and the industrial resources to carry on the 
research, but also scientists, like Lise Meit- 
ner, who were flrivcn out of (Icrmany by 
tfi^ Nazis or oul of Italy and other countries 
by fascist governments, all helped our own 
scientists toward the great result. Not alone 
were we alile to get sulVicienl amounts of 
])ure aaU'-'*'* for our purposes, ijut in the proc- 
ess we developed wa\s of making other 
elements fissionable: tluirium go for in- 
stance, and protoactinium (|»ro't(>ak-tm'- 
T-um) — gi. We even learned how to make 
certain elements artificially by bombarding 

with neutrons. In this way scien- 
tists created two new elements numbers 
g,^, or neptunium (nep-tu'ni-um), and 04, 
or plutonium (plcMi-to'ni-um). IMulonium 
element number g4 yields almost as nnith 
energy as -loU"'*'’ when it is split In neutron 
bor:ba. »!iie‘nt. 

Why an Atom Yields Us Energy 

There is one important (jiiestion that you 
probably have been asking yourself all ahuitr. 
W’here does all this energy lome from when 
an atom is sjilit? In what form is it lotke{l 
away inside that tiny particle? 

'The existence of nuclear energy was first 
pointed out by Dr. Albert Kinstein in 1005. 
Curiously enough, it was not in a laboratory 
that the discovery was made. Taking the 
results of laboratory work, Dr. T.instein 
fitted them into a theor\ which made it 
possible for him to deal with them mathe- 
matically. This led him lo pro]K)se his fa* 
mous relativity theory, which ])redkted that 
a body in motion has a greater mass than a 
body at rest. Back into the kiboratorv went 
the theory for its test, and from the labora- 
tory came the re[)(»rt that the theory held. 
Fast-moving electrons appeared to have 
greater mass than slow- moving o, If, 
then, the energy of motion actually caused 
an increase in mass, could not the ]>roce.ss 
be reversed? Could not a decrease in mass, 
or its complete destruction, give rise to 
energy? Again the laboratory went to work, 
hut this time the answer did not come so 


quickly. How docs one go about destroy- 
ing matter? In 1905 scientists could only 
guess how this might be done. Neverthe- 
less, Einstein maintained that if some day 
we shciuld be able to destroy matter, to wipe 
it out completely ami make it disaiipear from 
the face of the earth, vast amounts of energy 
would take its place. According to his cal- 
culations, if one pound of matter, just any 
matter, were completely destroyed, the trans- 
formation w^ould yield enough energy lo run 
a 100- watt bulb 1^^,000,000 years. 

Rutherford’s Discovery 

In igig Sir Ernest Rutherford, an Eng- 
li.shman, came across an interesting fact 
which sent scientists .scurrying back to the 
books to see what Einstein had said about 
the transformation of matter into energy. 
Rutherford had bombarded nitrogen atoms 
wi ii the nuclei c)f helium atoms. When the 
reaction had taken ])lace he foimd that there 
were atoms of hydrogen and oxygen present. 
.'Xpjiarently when the nitrogen nucleus was 
hit with a helium nucleus, both masses fused 
for a moment and then split into a hydrogen 
and oxygen atom. Most |)uzzling, however, 
was the fact that the container in which the 
reaction occurred was much hotter than 
might be c*\pectcd. 

Changing Matter into Energy 

C'areful measurement revealed the source 
of : u* unexpected release of energy. It was 
shov ' that the sum of the weights of a nitro- 
gen and helium atom is greater than the 
srm of thi‘ weight of a hydrogen and o.wgen 
atom Some matter, therefore, had dis- 
apjM'ared and energy had taken it.s place. 

'The energy from nuclear fission comes from 
the destruction of matter. Let us see ^low 
this lunies about when an atom of uranium, 
weighing 2.^5 atomic mass units, is struck by 
\ iieulron weighing i atomic mass unit, 
making a total of 23O atomic mass units. 
.\ma/.ingiy. the result of this bombardment 
iv; the formation of two lighter elements, 
barium and kry])ton; and at the same time 
that they are formed, a fewv neutrons are 
released Now the heaviest known i.sotype 
of barium weighs 138 atomic mass units, 
and the heaviest known isotope of kr^'pton 
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weighs 86 atomic mass units a total of 224 
a.m.u. If we assume that a neutron is also 
produced, we can write the reaction in the 
scientist’s shorthand as follows: 

92 U-«'* + oN' = + ,,,Kr«« + oN‘. 

We start with 236 a.m.u. and end with 
225 a.m.u. In the jjrocess 11 a.m.u. have 
disappeared, 'riiey have been converted 
into energy. Eleven atomic mass units are 
certainly not much in terms of ounces or 
pounds. But when we keep in mind that 
each atom undergoing lission lo.se.s that ma.ss, 
and that it requires vast numbers of atoms 
to make a ]uece of matter the si/e of a pin- 
head, we can see that the energy from a 
pound of uranium is great indei d. 'Fhe ex- 
plosion products of one pound of uranium 
-235 weigh .069 pounds. So onl\ one-thou- 
sandth part of its mass is converted into 
energy. According to the Kinsli'in mass- 
energy eejuation, the annihilation of one- 
thousandth of a [)ound of matter yields about 
11,400,000 kilowatt-hours of energy, 'fhis 
is about the same amount of energy as can 
be had from 200,000 gallons of ga.soline. 
'Fhat w'ill explain why nuclear fission can 
furnish man energy beyond all imagining. 
W hen the first atomic bomb went olT in .\ew 
Mexico, it ushered in an age that we wdio 
live lo-da\’ are unable to forecast. We only 
know’ that it will be entirely different from 
all the ages that are ])ast 

What Lies Just Ahead 

.\lready we can .see a few’ dim outlines of 
things near at hand. We are told that earl\ 
in the 1950’s atomic energy will be driving 
our shii)s and saving si)ace that w ill be given 
to many tons of cargo. It is .‘^aid that f)lans 
for using it ir. planes have reached the j)oint 
at which engineers are actually at w’ork on 
the blueprints from which the jilanes will be 
made. 

For some time radioactive isotojies have 
been used in treat ing various disease.s. W’hen 
tho.se tiny particles are taken into the body 
they travel about and reveal their presence 
wherever they go. Often a given isolop** 
.seems to be attracted to a special organ that 
is diseased as, for instance, the isotojics 
of icxline will congregate in a diseased thy- 
roid gland. Such isotopes are useful in vari- 


ous sciences. For example, they have helped 
explain photosynthesis in botany. 

A little electronic device knowoi as a “(lei- 
ger (gi'ger) counter” is the detective that 
reveals the presence of lhe.se isoto[)es and 
of any radioactive material -wdiether it be 
ores in the earth or substances that have 
become radioactive through contact with 
some other rarlioaclive substance. For exam- 
ple, by way of evjieriment the Tnited Stales 
Navy in the summer of 1946 exjiloded tw'o 
atomic bombs in the lagoon at the island of 
Bikini (be-ke'ne) in the Pacific. .\nd after- 
ward the (it‘iger (ounter showed that the 
water in the lagoon, the vessels that had 
been in the target area, and tlie rocks and 
soil the water had been splaslied upon were 
highly radioactive. 

The Puzzling Atom 

Meanwhile, phy^ici'^ts ar** hard at work 
trying to find out more about the atom and 
its jHi//ling behavior 'Tlu'ir inlt‘re*«t nf)w is 
mainly directed toward the nuileus of the 
atom toward what is known as “subniu lear 
fission” and they arc* finding miu h that 
thev' are at a loss to ac( ount for. d'o 1 .irrv on 
th(‘ir work thev us<‘ liug(‘ atom-smashing 
machines- the cyclotron and svncluotron. 
But more* powerful still arc- the losniit ravs 

-those streams of elcrt rically charged 
particles that reach the cNirth from sonu-- 
where in outer s])aic*. When |)rotons in the 
cosmic rays pass through the .itmosphere 
they break up the atoms tlu'y encounter and 
so give rise to brand-new |)arti(les the 
powerful meson, of which then* are at least 
live kinds, ainl the posit nm. Both mc*sons 
and [)osiirons exist outside the atom’s nu 
clcus, and both have* livc's that last only 
some millionths of a s(*cond \s yet no thc*- 
ory that completely de.scribes the rclationshij) 
of protons, electrons, neutrons, and all these 
new particles has b(*en found. 

The Hydrogen Bomb 

It was Dr. J. Robert Oppenheimer who di- 
rccted the first trial of an atomic bomb 
(i<)45). LatcT that year he wrote a book in 
which he hintexi that a much more j)owerful 
kind of bomb might be made, but that it could 
be used only for the destruction of large 
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tarpots, such as hij; cities. Nothing much was 
said about this until on January 31, 1950, 
President Truman ainuMinied that lie had 
given orders to ])cgin work on I lie hydrogen 
l)omb. Most of the scientists believe lliat 
the attem[)t to build this superbomb will suc- 
ceed. Let us see why they think so. 

*VVe have already learned how' matter is 
changed into energy in the uranium and jilu- 
tonium bombs. 'I'he annihilation of one thou- 
sandth of a jiound of matter can yield enough 
energy to operate a desk lamp for thousands 
of years. In the uranium bomb matter is 
annihilated when the heavy uranium nuclei 
are sjilit, or “fissioned,” by neutrons. Put 
matter can also la* made to disappear when 
the nuclei of (ertain light elements are 
made to iinile, (»r “fuse.” 'I'liis has been 
know'll for many years, but not until latelv 
i ould anyone think of a possible wav to get 
those light nuclei to fuse*. 

What Keeps the Sun Hot? 

!' irood reason to believe that most 
of tlie stars, including tlie sun, keej> their 
i*nerg\ going through the fusion of certain 
nuclei, kor example, hydrogt'ii atoms in the 
sun fuse to form helium atoms. Now, a In*- 
lium nucleus (ontains two protons and two 
neutrons, or four atomic mass units. N'et 
the four ludrogen atoms out of which the 
single helium atom was fused Inid an atomic 
mass j>f about 4.0^. Where did the ,0^ <>f 
atomic mass g<i? It was lonveiled into en- 
ergy energy which reaches us as Minshine. 
It is wry fortunate that the conversion 
of mass into eiierg\' in the star.s and in the 
sun is a slow jirocess. It takes a billion 
years for one percent of the hulrogeii in the 
sun to be transformed into helium. 

The fusion reactions can go (»n all the 
time in the centers of stars and of the sun 
because the temperature there i^ extremely 
high, perhaps 20,000, ooo*’ ('entigrade. lo 
get such a reaction on the earth, some way 
must be found to reach such temp, -itures. 
'I'he uranium and plutonium bombs sol\e 
the jiroblem. It is estimated that during 
the fraction of a second when .ui atomic 
bomb exj^lodes, a temperature of about 50,- 
000,000° Centigrade is reached. So it is 
possible that a uranium or plutonium bomb 


can be used as the “trigger” to start a fusion 
reaction between the nuclei of certain hydro- 
gen atoms. 'I'he hydrogen atoms will form 
into helium atoms and some mass will dis- 
ajipear— to be transformed into energy. 

Elements in a Hydrogen Bomb 

A great deal of ex})erimentation in fusion 
has been done in laboratories. It is found 
that the greatest amount of energy is lib- 
erated in the sluirtest time when the heavy 
isotofies of hydrogen fill- and jH’) are used, 
instead of ordinary hydrogen (ilP). iH“ is 
called deuterium and ill* is known as tritium 
Mrit'i-um). One atom of deuterium and one 
atom of tritium fuse to form one atom of 
helium, liberating a neutron and 17,000,000 
electron-volts of energy. 'Fhe reaction lakes 
place in about one millionth of a second. 

Dr. Harold Trey showed us how lo make 
(b .teriiirn (ill"), or “heavy hydrogen.” 'The 
Atomic Knergy Commission, in charge of the 
government’s ])rogram for atomic research, 
has found ways of making tritium (|I1‘‘). 
Since we alreadv know how lo make fission 
bombs with uranium (..jT ■■'''•’) and plutonium 
(•♦iPif“*''), tlicre is good reason lo exjiect that 
a hydrogen bomb can be made. 

What Is the “Critical Size”? 

In a fission bomb neutrons are liberated 
from atoms in a lump of or cmPu"'*^. 

I'hose neutrons liiierale other neutrons and 
a • lain reaction is sl.irled. The process 
goe- 01, faster and faster until an atomic 
explosion results in less than a millionth of 
a second. Put the lump of material must 
not be loo small or loo large. If it is too 
small there is no explosion at all; if it is 
larger than the “critical size,” it will e.\- 
])lode at (Uice and be completely beyond 
control. 

I'here is no such limitation on the hydro- 
g(*n bomb, riie more deuterium and tritium, 
the more nowerful will be the bomb. A sub- 
marine can carry larger hydrogen bombs than 
an airplane, and a large hydrogen bomb will 
be able lo wipe out wlmle cities. Such a 
source of jiower will have few, if any, j^eace- 
lime uses, since we cannot control so vast 
an amount of energ\ liberatc'tl in less than a 
secoiul. 
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ELECTRONICS: MAN’S NEW SERVANT 

How Electrons in Glass Houses Make Devices That Can 
Hear, See, Feel, Taste, Remember, Measure, 
Count, and Talk 



B ur word “electron” (ft-li^k'trftn) is not 
very old. It was first used liy George 
Sloncy in i8gi. Stoney, like many 
other scientists of his day, had suspected 
that electrons w'ere a part of all atoms. But 
he made one poor 
guess, for hi his 
paper he stated 
that “ . . . these 
charges, which it 
will he conven- 
ient to call elec- 
trons, cannot be 
removed from 
the atom.” 

Nothing could 
he further from 
the !• ‘h Mod- 
ern science has not 
only succeeded in 
ripping electrons 
from atoms but 
it has also put 
diem to work for 
the good of man- 
kind. 

Any form of 
energy is able to 
rel(‘ase electrons from their 
atoms. Rub a ])iece of 
hard rubber against some 
wool or fur. 'To start with, 
the rubber has an eciual 
number of protons (pro'- 
tftn), or positive electric particles, and elec- 
trons, or negative electric particles. As the 
rubbing is kefit up, the mechanical energy 
of motion we have explained mechanical 
energy on other pages — rips looscly-hekl 
electrons from the w(h) 1 or fur and leposits 
them on the hard rubber rod. The rubber 
rod nov\" has more electrons than prottin.s — 
that is, it has an excess of negatively charged 
electric particles. So we say that the rod 
is charged negatively. 

Glass rubbed with silk lets loose electrons 


Here it is chemicals 
inside the dry cell 
that transfer elec- 
trons to the cell’s 
inner zinc coatini;. 

Connecting a wire 
between the zinc 
and the carbon rod 
in the cell makes 
the electrons flow 
from the zinc to the 
carbon. And if in 
their travels they 
pass through the bell, they will 
ring it for us. 


that gather on the silk. Having a lack of 
electrons and an excess of firotons, the glass 
then carries a positive charge. A negatively 
charged hard-rubber rod will attract a posi- 
tively charged glass rod, but two rods having 
the same charge will 
push each other away. 
Like charges repel 
each other; unlike 
charges attract each 
other. 

Mechanical energy 
is only one of the 
means for removing 
electron.-, from atoms. 
In 1898 Thomas 
Edi.son found that electrons 
could be set free from the 
atoms of an incandescent 
lamp filament — the wire in 
an electric bulb — if the fila- 
ment got hot enough. So 
heat energy gives us another 
means for re- 


Our pictures show 
how energy can 
move electrons. 
The boy has been 
rubbing his rubber 
rod with the fur he 
is holding. Elec- 
trons from the fur 
have moved into the 
rod and given it a 
negative charge, so 
that it will attract 
bits of paper. 





Our sketch of a vac- 
uum tube shows 
how electrons leave 
the filament when it 
is heated. In this 
case it is heat en- 
ergy that moves the 
electrons. 


moving elcc- 
trons from 
atoms. Light, 
and chemical 
and electrical 
forms o f 
energy, will 
accomplish 
the same 
purpose. 

How can these freed electrons be pc.t to 
work? Within the past fifty years science 
has discovered how to control electrons by 
means of the vacuum tube. A whole new 
branch of science called “electronics” (e-l^k- 
Iron'lk-.^ has been developed as a result. 
This science deals with the behavior of elec- 
trons, especially as they are made to pass 
through a gas or through a vacuum (vAk'ii- 
Cim) that is, a space from which the air 
has been removed. The diode (dl od) radio 
tube — described elsewhere in these books — 




ELECTRONICS 





This picture was taken in one of the great Pittsburgh 
steel plants, where what is known as photoelectric 
**loop*' control is used to operate the lo-horsepower 
pay-off-reel motor that is part of the machinery through 


which this sheet of metal is passing to be sheared. 
At the side of the picture is shown the source of light 
and also the photoelectric tubes massed in a bank 
twenty inches Ugh. 


\\Tis the first electronic tube in a family of 
tubes that now numbers well over a thousand 
different types. Using our knowledge of the 
princij)les of electronics, we can turn liny 
marks on a stri]) of film into the voice of a 
popular screen star. A speech made in 
Washington may be heard in London in less 
than a fiftieth [lart of a second. Ly the 
use of electronic devices astronomers can 
measure the amount of matter in the empty 
spaces between stars, and mold spores can 
be killed in breail which has already been 
wrapped. It would take several volumes 
to tell about all the different ways in which 
freed electrons, controlled within the vacuum 
tube, can serve man’s needs. Wc shall, 
however, want to learn something about the 
more important uses to which electronic 
tubes are put. I’hose processes are fast 
coming to form the very bases of our modern 
machine civilization. 

Energy That Will Move Electrons 

We have alrearly |3ointefl out that energy 
in different forms can rip electrons out of 
atoms of matter. 'Fhe mechanical energy 
of motion can take electrons fr<jm one sub- 
stance and give them to another. The right 
kind of chemicals, properly arranged, can 


make a stream of elect ron^ move through a 
wire. Heal energy can cause electrons to 
evaporate out of a liol lilamenl. How can 
light energy be used to knock electrons out 
of atoms? 

Lxjierinienls sliow that when light hills 
on metal surfaces electrons are given off 
just iis if the metal were heilled. Certain 
metals like cesium fse'/,!-um), [lot.issiuni 
(])<Vti1s'i-um), and sodium are very sensitive 
to light and eject electrons readily when they 
arc illuminated. It is these facts that we 
make use of in the phoioelei t rii (fo'lo e-lek'- 
Irik) tube -the “electronic e\e.'’ Such a 
lube is built very nuuh like a two-element 
radio tube. Instead of a lilamenl, the ])hoto- 
tube contains a broad, curved metal iilatc 
coaled with caesium or some other material 
that is sensitive to liglil. A W'ire connects 
the plate w'ilh a terminal outside the glass 
envelope, the covering of llie tube. Within 
the tube, a short distance from the sensitive 
plate, is a metal rod which is also connected 
with a terminal outside the tube, 'fhe photo- 
electric tube has tw'o contacts. In use, a 
high voltage iJirect current, often supjdied 
by a ILbaltery, is connected acrerss the tube. 
Its negative terminal is connected with the 
light-sensitive plate -called the cathode 
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You can build a diode receiver it you care to. Use a with the symbol diagram, right. ^ The grid of the tube 

type-30 tube and compare the picture diagram, lett, has been tied to the plate, making it inoperative. 



( kilt h 'del') — and its positive terminal is con- 
nected with the rod -or anode (an'od). 
While me tube remains in the dark there is 
no jlow of ele(iroii> across the s])ace between 
the light -sensitive plate and the rod. lUil 
if light falls on the caesium coating of the 
calliode, electrons are 
knocked out. I'hey 
are then attracted to ^ ^ 
the nearby i)Ositivcly- / o 
charged rod, and so a iT ^ 

])roces‘^ion of electrons 1 | o 

starts from the i)lale j | 

to thu nxl. A. Ions 
as ihc light unit limes I H— 
to shine on the plioto- 1 

t ube, a current similar I 
to the jdalc current y y 

in a vacuum tube To X — ^ 

keeps on flowing ^ 1 

through the photo- 

electric tube. ^ ^ 

In many public L / 

buildings there are 


post if VG 
/inode 


self is moved by an electric motor which can 
run 111 cither direction, thus opening or clos- 
ing the rloor. There is a reversing switch 
which, when thrown one way, oi)ens the door 
and if thrown the other way, reverses the 
direction of the motor so as to close the door. 

If there were an at- 
tendant on duly to 
^ operate the switch he 

/ ^ could t>pen and close 

|^[| - people 

1 ’] 1 through, but the 

i ' ' 1 phototube can do this 

p r job just as well. 

il — jiroaches the door his 
^ I ijod\ cuts off a beam 

TT |T ^ of light which is shin- 

[ ing steadily on a pho- 

I tot ube. When nothing 

y^' ^ cuts off that beam, 

r - — P J the liny current which 

L / it causes to flow 

through the circuit of 

he left is in the dark. Since the pliolotulje passes 
light-sensitive metal plate, through an elect ro- 
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doors which seem to xhe photoelectric iube at the left is in the dark. Since pnoicnuoL pa. se. 

nf Ilirnisolvcs US "o light is falling on its light-sensitive metal plate, through an electro- 
npen ol tIU nistlNCs as the plate and there is there- .p, • 

a person apliroaches. fore a gap in the circuit of the high-voltage battep? magnet. Inis electro 

7f le Il«. MliMtnliihp or is connected. But suddenly magnet in turn holds 

It IS the phololuDC, or ^ ^ Stnkes the tube, and now, as the sketch on the . 

“electric eve,” which left shows, electrons begin to leave the plate and go tnc reversing switch 
'1 I to the positively-charged rod. From there they go 4i.p motor in the 

operates the media- positive terminal ot the battery and an electric ® ^ moior 111 I e 

nism. The door it- current is set up through the battery and the tube. closing position. But 
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when the beam of light is interrupted by 
someone’s approach, the electromagnet is no 
longer energized by the tiny photoelectric 
current. So it releases the switch. The 
switch then snaps over to the opening po- 
sition, and the door opens. When the tube 
is again illuminated, after the person has 
passed through the door, the current flows 
through the phototube, the sensitive electro- 
magnet draws back the switch, and the motor 
closes the door. Note that the energy for 
moving the door comes from the house power 
line. This power, however, is under the 
control of the phototube. 

Industry and research have found many 
uses for the phototube. The electric eye 
can be made to count passing articles faster 
than the human eye. It can protect workers 
on dangerous machines; till bottles to the 
pro{)er level; compare colors; inspect sheets 
of metal gliding swiftly from the rolls, spot 
pinhole defects, and mark them for later dis- 
card; turn on highway lights as the sky 
darkens and turn them of! at dawn. The 
phototube has come to be one of the most 
highly valued members of the electronic tul)C 
family. 

Your parents can probably tell you how 
the old lifeless, silent motion pictures com- 
pared with the modern brilliant pnxluctions 
which sound has made possible in the 
“movies.” The addition of sound to motion 
pictures was a result of the devcIoj)ment of 
the phototube. 

The method by which the sound is re- 
corded on the outside edge of the film is very 
simple. As you already know, a current of 
electricity in a wire produces a magnetic 
field around the wire. If two wires carrying 
electric current in the same direction arc 
placed side by side, their magnetic fields will 
cause the two wires to be attracted toward 
each other. If the current through one of 
the wires is varied, the amount of attraction 
between the wires will also vary. 

In the sound-recording device used for 


making a film a beam of light is made to shine 
between two wires and to fall upon the out- 
side edge of the photographic film. The sound 
to be recorded is first picked up in an ordinary 
microphone. The microphone turns this 
sound into pulsating electric currents — on 
other pages we have ex])lained how this 
done. After it is amplified, the pulsating 
electric current is sent into the two wires 
already mentioned. The attraction of the 
wires for each other will be varied in the 
way wc have explained above, and the space 
between the wires will therefore, vary in ac- 
cordance with the sound. If \he film is 
now' made to move past this varying slit 
between the wires while the light shines 
through the slit, the film when developed 
will show strips of varying intensity of black- 
ness all along the edge of the film. The 
variations in blackness will follow' exactly 
the vibrations of the sound o*-iginally picked 
up by the microphone. 

To “read” the sound from the film w'C use 
a phototube. The sound track- that is, 
the shaded strip along the edge of the tilni-- 
is pulled between the [)hotoiube and a light 
source. When dark j)ortions in the strip 
come between the tube and the light, only 
a small amount of light can fall oi^ the photo- 
tube, and therefore only a little current 
passes through the tube. As lighter por- 
tions of the track pass the phototube, the 
increased illumination of the tube causes an 
increa.secl flow of current inside the tube. A 
varying current is thus set up through the 
phototube. This current varies in accord- 
ance with the variations in the blackness of 
the .sound track on the lilin and conse(piently 
it varies in accordance with the sound orig- 
inally made in the stutlio. Of course the 
sound current set up in the phototube is 
weak and must be amjjlified by vacuum 
tubes. After amplification it is sent into a 
loud siKiaker which can fill the theater with 
sound. 
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How television, radar’s first 
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A' u m mary 

The problem of “ghosts" 
haunted early experimenters in 
television, but they have made 
possible radar — an invaluable 
weapon in warfare, which could 
warn our ships, our shores, and 


Othf’ ways in which we use 
electronics, i 550-565 

Statement 

our jfianes of the enemy’s ap- 
]>roach. Now wc have radar in 
peacetime, a device which pro- 
tects mariners and aviators from 
harm. 
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A WAY TO EXTEND OUR SENSE OF TOUGH 

How Radar Helps the Aviator to See through Clouds 
and Will Warn of the Approach of an Enemy Plane 


Many problems plagued the early experi- 
menters in television — an amazing invention 
which we have described on other pages — 
but the one i>roblem they were most eager 
to overcome was the aj^pearance of “ghost” 
images on the screen of the television re- 
ceiver. The “ghosts” were caused by rellec- 
tions of part of the television wave from 
high buildings and other structures ir die 
vicinity. As the television 
wave swept past the an- 
tenna, a small portion of 
that part of it which 
missed the antenna might 
strike a distant object and 
be rellected back. The 
rellected signal would ar- 
rive at the antenna a frac- 
tion of a second after the 
main signal and would 
produce an image slightly 
out of register — or “out of 
line’' — with the first 
image. One enter- 
prising experimenter 
found that he could 
easily tell how far 
away the rejecting 
building or other ob- 
ject was from his re- 
ceiver by observing 
the amount by which 
the ghost image on 
the screen was dis- 
placed from the main 
image. 

It took a war to 
turn a problem into 
an answer. For when we sought for a 
method of detecting and determining the 
direction of enemy aircraft, the answx-r was 
found in the television ghost. Radar (ra'- 
dar)— from the words “radio detection and 
ranging”— is a first cousin to television. 

Radar uses even higher frequencies than 
television. Such high-frequency waves be- 
have very much like light waves. They do 


not follow the curvature of the earth and 
they are slopj)ed and retlcctcd by solid ol> 
jects. The frecjiiency of radar weaves is so 
great that their wave length is scarcely more 
than an inch. 'Fhese ultra-short waves arc 
sometimes called “microwaves.’' 

Microwaves are made in special electronic 
tubes. We have described the wmking of 
an electronic lube on other pagrs' of these 
books. One such tube is the magne- 
tron (niAg'n^-trC)]!). .An im|)ortant fea- 
ture of the magnetron is a scries of key- 
hole-sha]>ed cavities which surround an 
electron gun. I'he >lrcam of electrons 
.shooting past these holes sets up high-fre- 
(jiiency vibratimis. 'rhis..is very much 
like the action of air when blown across 
a small cavity. As we know, such an air 
stream creates a shrill, high-pitched 
sound wave. Magnetrons produce mi- 
crowave.s which can be accurately di- 
rected over great distances in a narrow, 
pencillike beam. 

I'he basic i)rinci[)le of radar is 
the same as that of an 
echo. 'Hie radar irans- 
mitter sends out 
short, ])owerful bursts 
of microwaves, '['hese 
bursts of e n e r g >' 
travel out into space 
with the s])eed of 
light, about i 86 ,.m.S 
miles a second. The 
timing of the signals 
is such that one im- 
pulse has traveled 
out, let us .say, 200 
miles before the next burst is tran.smitted. 

Located near the radar transmitter is the 
radar receiver. Since it is so close to the 
transmitter, the receiver picks up each radar 
impulse as it is transmitted. In addition, 
however, the receiver is also sen.sitive to any 
of the tran.smillcr impulses which may have 
been rellected from nearby objects. An im- 
portant part of the receiver is a kinescope 



This is a high-powered microwave magnetron — one 
of the kind that were developed during the war to 
help in the various uses to which radar was put for 
our national defense. This particular tube is for 
* 'pulsed operation*'— that is. the power is on for 
about a millionth of a second and is off for a thou- 
sandth of a second. Its pulsed output 13^205,000,000 
watts. 
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This diagram shows the kind of line traced on the 
kinescope screen in a radar receiver. The tall “pip,** 
or peak, at the left is made by the transmitted wave 
when it is sent. The smaller pip in the center is an 
echo from an object fifty miles away. 


A ship carrying radar equipment is able to detect an 
airplane at a considerable distance. Impulses are 
sent out by a transmitting antenna. When they reach 
the plane they are reflected back to the ship — to be 
picked up by the ship*s receiving antenna. 


(kln'^-skop) tube very similar to the ones 
used in television receivers. The electron 
beam in the kinesco|)c is made lo trace out 
a single horizontal line on a lluorescenl (Iloo'- 
•Vr^.VCiu; screen — that is, a screen that 
emits light of its own under certain kinds 
of rays. 'Phe electron beam traces out its 
line by being pulled across, returned im- 
mediately, and then pulled across again. 
The rate of sweeping across is synchronized 
(sln'kro-nlz)- -or timed lo til — with the 
pulses of the transmitter. As the transmit- 
ter sendfi out a burst of microwaves the 
electron ])encil starts the line on the kine- 
scope screen. As the J)ul^5e travels out, the 
Hying s])ol sweeps across the screen. By 
the lime the pulse has traveled out the re- 
(juired 200 miles, a line has been traced 
completely across. Just as the transmitter 
emits a second burst the spot is once again 
at the starting point and moves across the 
screen in as long a lime as it lakes the second 
burst to cover 200 miles. 

Any signal — that is, any radar wave — 
entering the receiver causes the moving spot 
of light on the kinescope screen lo be pulled 
vertically upward. At the beginnii of the 
line, just as the si)ot starts lo move, a peak, 
or “pip,” ap])ears. This is caused by the 
transmitted w'ave. If, a.s the spot moves 
across, a*r6flected w'ave is received from an 
object 50 miles away, a weak “l)ip,” or bump, 
will appear at the center of the line. Re- 


member that an echo must make a round 
trip, so that a “pip” at the end of the line 
represents an object 100 miles away but 
means that the wave has made a total trip 
of 200 miles, liy rotating in unison the an- 
tennas of both the transmitter and receiver, 
a complete circle or even the entire sky can 
be scanned. In this way we can determine 
the distance of objects and also their direc- 
tion. riiis principle gave rise to Shoran, a 
system for measuring the distance between 
two points and so ma[)ping a region. 

With the end of the war radar was applied 
to peacetime activities. It will certainly do 
a\\..y with much of the uncertainty and risk 
in ; 1 travel. Controllers at ground radar 
sets at airports along the coast can unfail- 
irglv guide transports home in any weather. 
Radar mounted in a plane can tell the pilot 
his c.xact height above the surface of the 
earth. With certain modilications the pilot 
can view on his radar screen an exact pkture 
of the earth’s surface below him, even though 
fog hides the ground. 

The applications of radar are many. In 
1942, wJuIe a radar set was being tested, 
“echoes' in the form of vague, fluffy images 
appeared on the screen. These images could 
not have been caused by planes or other 
solid objects. Upon investigation it was 
found that rain-filled thunder clouds caused 
the echoes. Then and there, radar pro- 
vided the weather man with a tool for de- 
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An echo from the moonl It sounds fantastic. Yet signal from the vast reaches of empty space. But radar 

that is what we got when radar signals aimed at the is being put to much more important uses. For example, 

moon were sent out from the radar antenna you see by **G.C.A.”— or * 'ground-controlled approach" — it 

above. It was the first time man had ever had any will prevent accidents in the landing of planes. 

Iccting on-coming storms much sooner than experiments on this fact, scientists found 

he could by any other method. , that if metallic objects were placed at the 

Using high-power radar ])ulses, scientists center of a ('oil through which high-fre- 

heamed radar waves at the rising moon on qucncy radio wa\'es were flowing, the mole- 

January lo, 1946, and in 2.4 seconds received culcs of the object danced about and cau^ed 

a feeble response. The waves which were the metal to grow hot. Non-conductors 

hurled from the earth and echoed from the could be healed by sandwiching them be- 

moon made a round trip of about 470,000 tween two metal plates connected with a 

miles. These experiments proved that radio high-frequency transmitter, 

graves of very high frequency can pierce the In a matter of seconds, then, powerful 
electrically charged layer that lies above the microwaves can be used to bake lo white 

stratosphere. Interesting data on the earth’s heat the metal insides of newly manufactured 

atmosphere and perhaps the atmos|jhere and vacuum tubes without even warming the 

surface of nearby planets will come from glass envelo|)C. Slowed down, microwaves 

these investigations. can be used to vulcanize rubber, kill vreevils 

Microwaves are not used for radar alone, in grain elevators, make better plywot^d, 

With the development of new tubes similar and even cook “hot dogs.” Induction heat- 

to the magnetron, very powerful high-fre- ing, as healing by microwaves is called, can 

quency radio currents can be generated, cut costs, provide cleaner, more ^ pleasant 

Engineers noted that materials near such working conditions, and make possible a 

high-frequency transmitters grew hot if the whole host of new products, which can give 

radio waves surged through them. Basing to us all an easier, more abundant life. 
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